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Dynamic Psychiatry 


Dr. Masserman’s purposes in writing his book were: (7) to provide an orientative intro- 
duction to the principles of modern dynamic psychiatry; (2) to outline their application 
to the techniques of clinical diagnosis; and (3) to demonstrate the rationale and methods 
of effective therapy. 


Accordingly, the book has been organized as follows: Part I. Definition of the scope of 
psychiatry and eritical considerations of the various theories of behavior. Part II. Re- 
formulation and integration of these theories into a biodynamic organon of behavior. 


To enhanee further the value and usefulness of this new book, the author has included 
four important appendices, an extensive and up-to-date bibliography, and a Glossary 
defining more than 1000 terms. 


By JuLeES H. MASSERMAN, M.D., Division of Psychiatry, Department of Medicine, University of Chicago. 322 
pages, 6” x9%”". $4.00 





WEISS & ENGLISH’S PSYCHOSOMATIC MEDICINE 


This book is filling a unique need. Written in everyday language, it deals with the inter- 
relationships of emotional life and bodily processes, both normal and pathologic. These 
alithors tell how to differentiate bodily symptoms of psyehie origin from those of organic 
etiology; how to pick out the emotional factors complicating physical disease; how to 
uncover the underlying causes of these emotional disturbances, and how practical therapy 
can be instituted. The effects of adolescence, marital maladjustments, the menopause and 
aging are considered in relation to psychosomatic problems. Personality development 
and psychopathology are also taken up. 


by EpwarpD WEISS, M.D., Professor of Clinical Medicine; and O. SpurGEON ENGLISH, M.D., Professor of Psy- 
chiatry, Temple University Medical School, Philadelphia. 687 pages, 6” x9”. $8.00 
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The Neutron, the Intermediate or Compound Nucleus, 


and the Atomic Bomb’ 


William Draper Harkins 
The University of Chicago and the Universal Oil Products Company 


HE ATOMIC BOMB IS A MONSTER reared 
by A fact revealed by history is that 
the offense grows much more rapidly in 

»wer than the defense in its ability to cope with it. 
deed, this seems to be a natural law, since warfare 
ns formerly restricted to the surface of the earth 
:d was, therefore, two-dimensional. Now, it is rap- 
ly rising above those limits of the atmosphere suit- 
ble to the life of man.and is expanding in the third 
mension. The offense can choose any portion of 
bace thus made available, but it is impossible for 
he defense to eover every location in this space. 
neomitant with this conquest of space is one of 
ne, since jet propulsion makes it possible to exceed 
le velocity of sound. 

Now, in addition to the conversion of space into the 

ave of war, nuclear energy is also enslaved. The 

pnger here is one of mass and space. A few pounds 

f uranium 235 or of plutonium 239 carried in small 

ackages may be put into such a form as to destroy 

whole city, being set off by a time clock. The ap- 
aratus necessary to detonate the material would be 


buch larger, 


war. 
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_In the opinion of the writer, grave errors in con- 
ection with the bomb have imperiled the interna- 
These need not be cited, but, the 
menefits to mankind of the energy made available are 


onal situation. 





















‘This article had its origin in an attempt to answer many 
lestlons which arose after the first use of the atomic bomb 
id the publication of the Official Report written by H. D. 
myth. The only direct connection of the writer with this 
fork was the building of the Chicago cyclotron, which was 
sed in the Metallurgical Project at the university. An at- 
pt has been made, without too much success, to avoid as 
buch as possible topies discussed in the Official Report. Ob- 
lously, however, many of the topics considered there must 
t discussed here, if what is presented is made at all intel- 
Bible, lor fifteen years, from 19138 to 1928, the writer and 
Is collaborators were the only ones in America engaged in 
cob gd the structure of the nucleus of the atom. This in- 
oe earliest use of the Wilson Cloud Chamber for the 
~ Thine of what is commonly called nuclear disintegra- 
8 foll iS work gave rise to an idea which may be expressed 
Hope thek In what had been earlier considered as a direct 
he araration of the atom the actual primary process is not 
hick Sintegration but the synthesis of an activated nucleus 
ch disintegrates later, although after an extremely short 


os RJ - the relations of this idea which are discussed in 
S article, 


dressed 


ca Ave 


ciation 
yuld be 
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small compared to the uncertainty thereby introduced 
into human life. Man has not as yet attained the state 
of moral and intellectual development to make it safe 
to have such a weapon. Therefore, (1) no more 
bombs should be produced; (2) any uranium 235 or 
plutonium 239 now available should be distributed to 
universities or hospitals for scientifie or medical work 
only; (3) a world association of scientists should be 
formed to oppose work on the bomb; (4) the United 
States should use its utmost influence to establish at 
once a temporary world organization, to be made per- 
manent later, to suppress the use of the bomb. 

Presumably this would require some type of World 
Government to control war. This might be associated 
with the United Nations Organization. 


What has been written thus far refers to the bomb. 
However, nothing can stop progress in the use of the 
energy of fission for the development of power, but 
this should be under the control of the World Govern- 
ment to prevent its degeneration into the purposes of 
war. On account of the injurious effects of the radi- 
ations given off, the shielding essential to protect life 
necessitates large installations if human beings are 
near by. Thus, while ships might make direct use of 
this power, it is not suitable for automobiles. 


While no mention of thorium is made in the paper 
which follows, it seems not unlikely that this element 
will be utilized more than any other. If this is done, 
it is probable that one method will be to convert this 
into uranium. To thorium of mass 232 a neutron 
would be added, thus forming thorium 233, which 
would then change into element 91 by loss of an 
electron and into element 92 (uranium) by the loss 
of another electron. Presumably, this isotope of 
uranium of mass 233 would undergo fission. Since 
thorium is more abundant than uranium 238, there 
is no lack of an abundant supply. If this comes true, 
uranium 233 and plutonium 239 would become the 
sourees of industrial energy. Uranium 235 is less 
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suitable on account of the necessity of at least par- 
tially separating it from uranium 238. 


I. IntTRopucTION: DISINTEGRATIVE SYNTHESIS OF 
Atomic NUCLEI 


There are certain relations discovered long ago 
and discussed here which are involved in the action 
of what has been designated as the atomic bomb, or, 
more properly, the nuclear bomb. Some of these may 
make it more simple to understand what occurs in the 
release of the extremely great amount of energy, as 
compared with the mass involved, when the bomb 
explodes. 

The nucleus of the atom is an extremely minute 
body which may consist of only one particle, or of 
as many as 239 particles, very tightly bound together 
by nuclear forces. These primary particles are desig- 
nated as the proton (nucleus of the hydrogen atom), 
with a mass of 1.00758 and unit positive charge of 
electricity, and the neutron, of mass 1.00893 without 
an electrical charge. The diameter of a single proton 
or neutron in any nucleus is about 3 x 10-1* em. 

Developments based upon the discovery of radio- 
activity by Becquerel in 1896 and the later discovery 
and separation of radium by Mme. Curie showed that 
the heaviest or radioactive atoms may disintegrate 
naturally to give off either negative electrons, which 
may even approach the velocity of light, or alpha 
particles, proved by Rutherford and Royds in 1909 
to give gaseous helium when they are collected. Later 
it was shown that an alpha particle, which has a posi- 
tive charge of 2, due to the two protons which it con- 
tains, is actually the nucleus of the helium atom. 
Each alpha particle contains two protons which 
would repel each other if they were not bound to- 
gether by two neutrons. These alpha particles may 
have velocities as high as, or even higher than, 12,000 
miles per second. 

In 1919 Rutherford in a very remarkable and ex- 
tremely simple experiment showed that he was able to 
obtain the disintegration of one of the lightest atoms, 
which he assumed to be that of nitrogen. This led to 
the idea that atomic nuclei may be disintegrated arti- 
ficially, since the nuclei of the nitrogen atom which 
he used seemed to be split into two particles, one a 
carbon nucleus and the other a proton, by a mere, 
though excessively energetic, blow of a fast alpha 
particle. 

Soon after this the writer came to the conclusion 
that the simplest method which could be used to 
determine whether or not a nucleus of the nitro- 
gen atom is split in this way would be to use the 
Cloud Chamber of C. T. R. Wilson, a most remark- 
able apparatus which makes it possible to photograph 
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the tracks of atoms as described later. From thy 
graphs obtained in this way the writer came tg : 
conclusion that the primary action is not a dis 
gration but a synthesis of new nucleus, in the fo ; 
tion of which the nucleus used as a projectil, ig 
ways captured by that used as a target (Fig. l), 
compound nucleus thus formed disintegrates late 
after an extremely short life. Nevertheless, th, d 
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Fic. 1. Formation of oxygen i7 and hydrogen 1 byt 
disintegration of fluorine 18, the intermediate nucleus for 
by the impact of helium 4 with nitrogen 14. Open circle 
neutrons. Circles with plus signs=protons. At higher ene 
gies the excited fluorine nucleus disintegrates in two way 
(1) that given in the diagram, and (2) to give a neuty 
and positive electron in place of a proton (= hydrogen 1), 
period is sufficient to make thé disintegration of ti 
nucleus, which is always in an excited state, an eva 
entirely independent of its synthesis, since enoug 
time elapses to distribute the energy introduced wil 
the projectile through the whole nuclear syste 
Thus, the disintegration of this nucleus does not ¢ 
pend upon what nuclei have joined together to fom 
it, but only upon the state in which the excited nuclew 
exists. 

This greatly simplifies the consideration of nuclei 
transformations, since, as illustrated later, the samt 
composition of the compound nucleus and essentiil] 
the same activated state may be obtained by thew 
of different projectiles. For example, carbon l 
(C12) ean be formed by the impact of hydroge! 
(H') upon boron 11 (B"™), or of hydrogen 2 (H 
upon boron 10 (B?°), but the exeited earbon nucle 
thus formed gives, in either case, as the final resl 
of its disintegration, three alpha particles, i.¢. tht 
helium atoms. Thus, it is not the disintegration whit 
is artificial, since this is entirely spontaneous, bit! 
is the synthesis of the compound nucleus which 1 
be brought about by artificial means. mi 

While the writer’s theory of the occurrence “fim 
nuclear reactions by the formation of an intermeditlt ] 
excited nucleus was accepted by a very few exp iipa 
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rom Dui, tal physicists, it met with very strong opposition 
Ae ty AMR the part of nuclear theorists during the years 
a disilime 36, the period in which experimental evidence 
the for Favor of these ideas was being collected. This op- 
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tion was due to the fact that, whereas the nucleus 
sists of an aggregation of protons and neutrons 
md together by an extremely strong interaction, 
‘ng a density so great that it is incomprehensible 
ordinary human beings, theoretical physicists of 
> period treated it upon the basis of the Hartree 
mula, which in itself assumes a loosely bound ag- 
pation (the free particle model of the nucleus). 
example, Bethe (1), who favored the idea that the 
eraction between the particles in a nucleus is small, 
a private conference in June 1936, stated that the 
sstence of the intermediate nucleus, as demanded 
the theory of the writer, is impossible. Reviews 
other theoretical physicists in 1934 stated that the 
; of conservation of energy would have to fall be- 
re such an intermediate nucleus could exist. These 
pas were based upon the fact that at that time 
clear physicists assumed the existence of a very 
uch smaller number of nuclear energy levels than 
pre considered by the writer to be present. 

Evidence in favor of the theory of the writer is 
nsidered in more detail later, but here it may be 
entioned that the reactions which occur in the atomic 
mb proceed according to the theory. Thus, either 
anium 235 or plutonium 239 is an entirely innocu- 
ns material, since the atoms of these substances are 
bite stable, having the type of stability found in 
dioactive atoms of moderately long life. It is not 
lese Which disintegrate by fission to give the exces- 
ely high energy of the bomb, but in each ease it 
the intermediate, or compound, nucleus uranium 
Po or plutonium 240, which disintegrates by fission 
) give the energy. These relations are considered in 
lore detail in a later section. 
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II. ENERGY OF THE BomB 
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The effectiveness of the bomb is due to the fact that 


“ develops an amount of energy which is enormous 
(8 P comparison with the mass involved, in an ex- 
| \Beedingly short space of time (of the order of a 
— billionth of a second). This development of energy 
NSE accomplished by bringing about a nuclear reaction. 
thee chomic: ; 

ial chemical reaction, such as the burning of coal or 
“a He explosion of an unstable compound, known as an 
e plosive, may develop a large amount of energy. In 


eneral, a nuclear reaction which involves the same 
fe ount of mass develops from one to ten million 
ce 0 Mines as much. 

In 1897 Kaufman found that particles (in his ex- 
periments, negative electrons) have a higher mass 
vhen their velocity is high than when they are at rest. 
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Eight years later Einstein developed a remarkably 
simple equation which the writer likes to consider 
from the following point of view. We may write an 
equation in which E represents energy in any form 
and m, mass in any form, as follows: 
E=m 

This equation may be said to be valid if both E and m 
are given in ergs, or both in grams, but in the use of 
this equation E cannot be expressed in ergs and n 
in grams. However, this can be done if the equation 


is written: 
E-= me? 


which is Einstein’s equation. The remarkable achieve- 
ment of Einstein was that he showed that the trans- 
formation in units and dimensions involves a natural 
constant, 
e?= (3 x 10°)? 
which is the square of the velocity of light. 
Others may prefer to write the equation as 
-Am-c?=AE. 

This indicates that a decrease of mass of A m grams 
involves an increase in energy of A E ergs. That the 
energy developed in a nuclear reaction may be exces- 
sively large was shown in 1915 by Harkins and Wil- 
son (4), who had been engaged in a consideration of 
the heat of the sun and stars. They found by the use 
of Einstein’s equation that if 4 hydrogen atoms are by 
any series of processes converted into one atom of 
helium the energy liberated between the initial and 
final states is extremely large. Thus, a single pound 
of hydrogen by this “nuclear combustion” gives as 
much heat as the burning of ten thousand tons, or ten 
million pounds of coal. Here, the nuclear reaction 
gives ten million times the energy of the chemical 
reaction. Although later certain noted physicists con- 
sidered that the reaction in which helium is formed 
occurs almost instantaneously, it was obvious that 
four exceedingly small protons could not meet and, 
in addition, lose two positive charges (the proton has 
a positive charge of one, and the helium nucleus or 
a-particle a positive charge of two) in a sufficiently 
minute time to give such a synthesis. Thus, the re- 
action must of necessity occur in steps, but a con- 
sideration of these steps is not involved ‘in the caleu- 
lation of the energy. 


The mass of the hydrogen atom nucleus (proton) is 
1.00758 and of the helium atom 4.0039. The mass 
of the helium nucleus is 4.0039 —- 2 x (0.000549 mass 
of electron) = 4.0028. Now, four protons have a mass 
of 4x 1.00758 = 4.0303, so 4.0303 — 4.0028 = 0.0275 is 
the loss of mass. Consider these masses in grams; 
then the decrease of mass is — 0.0275 g and E = 0.0275 
x 9x 10°°=2.475x10!® ergs for the formation of 
4.0039 g of helium from 4.0325 g¢ of hydrogen (these 
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masses now include the masses of the electrons outside 
the nucleus). This is 6.138 x10'* ergs per gram = 
1.467 x 10"' calories per gram =6.654 x 101° ealories 
per pound, or 25.6 million electron volts. 

The calculation of the energy developed in the 
fission of uranium 236 or of plutonium 240 would be 
just as simple as that for the energy of synthesis of 
helium given above, if the masses of all the final prod- 
ucts of the fission were known. The problem is dis- 
cussed later, but the energy given by one pound of the 
uranium isotope is equivalent to that produced in the 
burning of (about) 1,300 tons of coal (about 200 mil- 
lion electron volts). Thus, the disintegration of this 
heavy nucleus gives less than one-sixth as much energy 
per unit mass as the synthesis of helium. 

In 1893 and later, Landolt, in a classical experiment 
which involved a long series of very accurate weigh- 
ings, endeavored to determine the loss ‘of mass in a 
chemical reaction which evolves heat. In connection 
with the calculations of nuclear energy changes, Har- 
kins and Wilson found, by the use of Einstein’s equa- 
tion, that in the formation of 18 grams of water from 
hydrogen and oxygen the energy evolved is equivalent 
to only 3 billionths of a gram, which explains Lan- 
dolt’s failure to detect the loss of mass. 


III. ELectric CHARGE, THE PRINCIPLE OF ELEC- 
TRICAL NEUTRALITY AND ATOMS 


One of the most fundamental laws of nature is that 
the electric charge of any “primary” particle may 
have a positive or negative sign, but the magnitude 
of the unit electric charge is invariable, i.e. the same 
(1.60 coulombs) for any single particle. 

Furthermore, in any material body that we know, 
the number of negative charges is extremely closely 
equal to the number of positive charges. The depar- 
ture of the earth as a whole from this principle of 
electrical neutrality is excessively small. Only ex- 
tremely small bodies exhibit any considerable per- 
centage variation from this principle. By definition 
any atom is electrically neutral: if it contains more 
negative than positive charges, it is designated as a 
negative ion, or with more positive than negative, a 
positive ion. 

The nucleus of the atom, when it is free, as it may 
be at exceptionally high velocities, exhibits the great- 
est departure from electrical neutrality, since, aecord- 
ing to our present philosophy, every charged particle 
which it contains is positive, i.e. a proton. A nucleus 
which is relatively “stable’ may contain from one 
proton (hydrogen atom) to 92 protons (uranium 
atom) or even 94, since plutonium is moderately 
stable. The electrically neutral atom must then con- 
tain as many negatively charged particles (electrons) 
as the number of protons in the nucleus. This number 
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(Z) is designated as the atomic number, though 
ally it is the element number in the periodic an 
Mendelejeff. 7 
The electron, or electrons, may be COnsidergj 
move around the nucleus, where they form , dp 
which is excessively tenuous, when considered 1D ey 
parison with the high density of the nucleys T 
mass of the proton is 1.672 x 10-*4 grams, ]y thi 
contained in the 1.4x10-** ee. considered ag its yy 
ume, the density is 1.2x10'* grams or 139 milli 
tons per ce. Thus, the whole earth would hay 
diameter of only 460 meters, or less than a third ¢ 
a mile (0.286 miles) if its whole mass were press 
as protons and neutrons packed as they are jy q 
nucleus of an atom. The presence of electrons, jy 
ever, reduces the density from 12x10" ¢ per 
to that of the earth (5.522g per ee.) which js: 
million million times smaller.” 
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IV. ELEMENTS AND IsoroprsEs 

According to Section III, the number of electy 
in an atom is equal to the number of protons inj 
nucleus. It was shown by Mendelejeff in 1868 i 
the chemical properties of the elements may be q 
pressed as a periodic function of the atomic weigh 
In 1896, Rydberg and, later, van der Broek a 
by direct experimental evidence, Moseley indicat 
that the relationship becomes more exact if 
atomic number is considered instead of the atoui 
weight. According to more recent theory, the atoui 
number gives the positive charge on the nucaq 
which is eqiial to the number of protons whichi 
contains. 
The atomic numbers of the elements thus far fou 
in nature vary from 1 to 94 so it is often said th 
there are 94 elements. Of these, however, the nue 
with 61, 85, and 87 protons have not as yet be 
discovered in any known material. However, tle 
have been produced by artificial means. It should) 
considered that there is also another element ot 
atomie number which consists of neutrons. The 
‘arry no charge and thus its atoms contain no ¢lt 
trons and have no ordinary chemical properties. ! 
ments 93 and 94, neptunium and plutonium, have m0 
been produced artificially, and obviously it is possi 
with sufficient amounts of plutonium to push the at 
ficially produced elements to still higher atomic mult 
bers. When the chemistry and the spectrum of i 
of these becomes well determined, it is possible tit 
some of them may be found to exist in nature. 
Until the year 1907 it was considered that et 
known element is actually elementary, but in this ye 
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2 The size of the nucleus is obtained by calculations mult 
on the basis of the scattering produced in elastic collisill 
between nuclei and exhibits some variation with the vel 
ties of the particles at the time of the collision. 
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Coy and Ross, of the Department of Chemistry of 
University of Chicago, made the remarkable dis- 
wy that there exist in thorium at least two vari- 
., ‘of this element. These have highly different 
bilities, but the same chemical properties, and are 
| known as isotopes (5). The announcement of 
discovery was made in the following simple state- 
nt: “In fact, itenow appears doubtful whether it 
by chemical treatment to separate any 
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30 ryjjjmmiothorium from thorium.” Both of these atomic 
d hayeflmcies have the atomic number 90 and therefore be- 
\ third me to the same chemical element, although the 
© Dresefmmmic weights are 232 for thorium and 228 for radio- 
re in rium. It is now known that the element thorium 
Ons, hymmsists of 6 isotopes. The known elements consist 
y Der from 1 to 10 isotopes, and the formation of these 
ich ig Mes the existence of about 300 types of atoms 


omie species) in addition to the radioactive species 
high atomie mass. 


V. SEPARATION OF ISOTOPES 






electry 
The separation of the isotopes of uranium of atomic 


sses 235 and 238 has been one of the most impvr- 
t problems in the production of the atom bomb. 
r some time after the discovery of isotopes it was 
sidered that isotopes were inseparable. However, 
1919, Harkins and Broecker made the first separa- 
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if yg of isotopes which was proved to be obtained. 
» atonimey obtained a partial separation of chlorine of 
p muic weight 35.46 into two isotopes of weights 35 


37. A similar separation had beém-made in 1916 
early in 1917 by Harkins and Turner, but the 
r made it impossible to determine the atomic 
ights at that time. 

The earliest detection (and determination of the 
ss) of isotopes by electrical means was entirely 
idental. In 1913, J. J. Thomson, by deflection ex- 
iments on eanal (positive) rays, found that there 
jmmmened to be two kinds, instead of one, of neon in a 
of xu™mme Which contained this element. Although this is 
Theggmrrect, the experiment did not appear to be entirely 
hclusive to Thomson or his co-workers, as indicated 


nl icler 













which j 


r foun 
ud tha 
e nude 
et eel 
r, the 
oul 


10 eles 
, Heme 2 letter from the Cavendish Laboratory in 1919. 
ve niijaam this year, Aston began an extensive series of deter- 


vossiblmmm ations of the masses of isotopes in an improved 


ie ari ’ratus commonly known as a mass spectrograph, 
1 in a very long series of experiments determined 
of afer “asses of a very large number of atomic species. 
lc thf" the experiments of Harkins large quantities of 


y hydrogen chloride gas were passed through a long 
és of porous porcelain tubes (churchwarden pipe 
bus obtained in Seotland). The ideal diffusion mem- 
ine is very thin, to reduce the time in passing 
ough it, and has very fine pores. Later, Harkins 
Mulliken found that sheets of filter paper are 
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more efficient than the pipe stems, but the paper mem- 
brane could not have been used with hydrogen chlo- 
ride. 

The theory of the separation of gases by diffusion 
was given in 1896 by Lord Rayleigh and much more 
completely in 1922 by Mulliken and Harkins. The 
diffusion method has been used in the separation of 
the isotopes of uranium. Uranium, a metal which 
consists of 0.006 per cent 234, 0.7 per cent 235, and 
99.3 per cent 238, was separated by the diffusion of 
its hexafluoride, which is a gas. Unfortunately, the 
change to the fluoride increases the molecular weights 
to 348, 349, and 352, but only the two latter need 
to be considered. Since the lighter molecules move 
faster than the heavier, more of the former pass 
through a porous barrier. The relationship for equal 
kinetic energies (4 m v*) of the molecules is: 

$m, v,?=4m,v.? 
or 
Vv,” _ Me, 
Ve? my, 





Vi aa Moe wa B 

Vo Nin 

which is the enrichment factor, so, for uranium hexa- 
fluoride 





B = V 352/349 = 1.0043. 


Thus, if a very small amount of the uranium com- 
pound passes through a very fine porous wall, it con- 
tains, after the diffusion, under ideal conditions, 1.0043 
times more uranium 235 than before, or 0.70301 per 
cent, if the initial percentage is 0.7. It is obvious 
that the separation is initially made much more diffi- 
eult by the small percentage of uranium 235 present. 
The theory of the increase in the mean molecular 
weight (AM) of the heavy fraction is simpler, and is 
expressed by 

(M, — M,)? xix. 

M 

Here, A= (M,-M,)?=3?=9, which is a somewhat 
favorable factor for the separation of isotopes. How- 
ever, M, the mean molecular weight, is about 352 = B, 
which is very unfavorable, and x,x,, the product of 





AMa 


the fractions present, 0.007 x 0.993 = 0.007 = C, is also 


extremely unfavorable. Thus, the molecules must pass 
through a very large number of porous barriers to 
obtain any considerable separation. When hydrogen 
chloride is diffused, A=2?=4, B=36.46, and 
C=0.23 x 0.77=0.177. Here, for hydrogen chloride, 
only A is less favorable, while B and C are very much 
more favorable than with uranium as its hexafluoride. 

When the percentage of uranium 235 in the light 
fraction becomes sufficiently high, the magnetic sepa- 
ration becomes more efficient than diffusion. The elec- 
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tromagnetic method is discussed somewhat fully in the 
official report and need not be considered here. 


VI. Tuer Neutron 


The neutron was discovered in 1932 by Chadwick. 
This discovery illustrates the advantage of having an 
idea that a particle exists before attempting to dis- 
cover it. That a neutron exists was assumed by 
both Rutherford and Harkins independently early in 
1920. This atom was assumed to have a zero charge 
and therefore an atomic number of zero. Its mass 
was assumed to be unity or, more definitely, close to 
that of the hydrogen atom. It was predicted that on 
account of its zero charge it would pass with prac- 
tically no resistance through the outer part of atoms, 
but that it could collide with an atomic nucleus or be 
captured by it. A bullet may be shot from the muzzle 
of a rifle at a relatively small velocity, yet it may 
travel through air for one or two miles. The bullet 
can go this far, because it pushes the air away from it 
in its flight and does not pass through the atoms in 





Fic. 2. 
of nitrogen 15, the intermediate nucleus formed from nitro- 
gen 14, by the impact of a neutron. 


First neutron found in America. Disintegration 


the air. An alpha particle (a helium nucleus) may 
have an initial velocity as high as 12,000 miles a 
second. It might therefore be supposed that this 
particle would travel in air many thousand times far- 
ther than a rifle bullet. However, its entire range is 
only a few inches. This is because the alpha particle 
does not push the atom in the air aside, but its velocity 
is so great that there is no time for this to occur. 
Therefore, it has to go directly through the cloud of 
electrons in the outer part of each atom which it 
traverses. On account of the fact that it carries with 
it a positive charge of 2 or of 1 (after it has picked 
up a single electron) it attracts these electrons and 
pulls many of them out of the atoms to which they 
belong. This takes energy and uses up the kinetic 
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energy of the alpha particle very rapidly | 
atom or molecule from which one or jo. ak 
trons has been taken is a positive ion, anq On 
which electrons have been added is a Negatiye j 
Thus, the alpha particle in its passage through 
leaves a narrow line of positive and negative ions 
this line may be considered as the track of the rt 


ell 








particle. A fast proton gives a sfmilar track yi: \ 
Jz2inm 
146° 
° ( 
128 22mm 
| 86° 
| 
| 
| 64mm 
| 
\ 
: /6 mm 
| Gass 
[ 
er 
| 9mm 
Lead 
7 TN 
an 
"oe J 
Source 
4 mm 
RAGUS 
Fia. 3. Diagram of the nuclear transformation sh 
in Fig. 2. The neutron came from the action of a hell 


nucleus on beryllium in the source 4.4 mm. in radius. Til 
passed through 9 mm. of lead, 16 mm. of glass, and, after 
total range through solids and nitrogen gas of 64 mi., stro 
and united with a nitrogen nucleus of mass 14. The inte 
mediate nucleus of mass 15 very quickly disintegrated im 
a helium nucleus of 12-mm. range and a boron 11 nucleus! 
2.2-mm. range. The passage of the neutron through 3m 
of lead and 18 mm, of glass, including the wall of the si 
tube, illustrates the penetrating ability of a neutron. 
does not contain so many ions, since the proton li 

. . " he 
a charge of 1, which is less than that of the «lpi 
particle. Other atoms of the higher charge leave mit 
dense tracks. Any of these may be made visible 
moist air or other gas through which they have pas 
, ; “poet sane 
is cooled by a sudden expansion and is simultane0ts| 
illuminated by a brilliant light. This procedutt! 
usually carried out in a cylindrical chamber, whit!! 
a part of the Cloud Track apparatus of C. 1. 
Wilson. 

Neutrons were obtained in 1930 by Bothe ™ 
Becker, when either beryllium or lithium was 0 
barded by alpha particles, and by Irene Cure ® 
Joliot in 1932. Since neither of these pairs of 3 


vestigators seemed to be aware that neutrons mii 
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apidly t. they assumed that very powerful gamma rays 
more d » involved and thus failed to discover their exist- 











e. Chadwick, however, believed uncharged heavy 
ticles were involved and this was confirmed in 1932 
Feather, who used the Wilson Cloud Track appa- 
This was followed immediately by an even 
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oped the theory of the existence of an intermediate, 
or compound, nucleus as presented in the introduction, 
and also in a later section. 


VII. Tue VALLEY OF STABILITY 


While protons, aside from the effect of their charge, 















































































'V€ long ollmmmbus. 
Of the aly 
track I 62 - | | 
Whi } 24 
13 19 * i = 
| | 15 loll” . ' 
y IR 13 i" & 
Pere ee 3 
23 4 § * aa zh, ieee oe ‘ee, 
p| 60) A wer. \ 3 . 
’ | r iA \ ; ° | \ \ ' 
‘ | | \ }' \ ra { ‘ ,% 
ie: ey Sp ane. 
| | 3 Te: Vie | See 
| ~ \ . | 
| 3 rc -ee } \ 
a 5 ps ° \—— ~y 3 —_— 
| | “ o {\ . om =" . 
é | | \ \ She 
: | | gli S &, | 
AQ + ce 
B\ 29) | 
\ | | | | 
_ | | E Ol). | | 
s .| | | E | PS | | 
|e Piag | | 
q | 54} | & o& a , . ap 4 aig + % 
: | & NN © Pure species even atomic number 
3 § | Oo 37 ” odd ? °° 
q Rr | 
: | S| & 
? itm ‘| = | @ Mean value even ,, r 
91 52 7 — ; 
2 aa > ERE r 
Atomic number.= Z 
soe : . 
He , 
0 40 50 60 70 g0 90 
tion shor Fic. 4. Relationship between the number of protons Z in atomic nuclei and the ratio of neutrons to total particles 
of a hel -=protons plus neutrons). Only stable atoms are represented. The curves, nearly rectangular hyperbolae, are numbered 
dius, alt give the isotopic number of the species of atoms represented. The isotopic number gives the number of neutrons in the 
ind, after icleus in excess of the number of protons. Nearly all the atoms in the earth or the meteorites are represented by the short 
mm. streq raight line at the bottom of the figure. In these nuclei the number of neutrons is equal to the number of protons. The 
The inte sitions representing the atomic species indicate in a general way the band of stability. To indicate this properly a 
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DuUcieus Oi 
ray ore extensive investigation by Harkins, Gans, and presumably exhibit some attraction for each other at 
n. ewson (later also Kamen), who obtained results sim- extremely small distances, this is much less than the 
roton nage’ '0 those of Feather. Since the neutrons given off, © repulsion between their charges. This is overbalanced 
the alpiqamme” example, when beryllium is bombarded, do not in the nucleus by the strong interaction between pro- 
ave nimee'Ze the gas through which they pass, the track is tons and neutrons. If the number of protons is small 
ble if iqgmme’ Visible in the Wilson Chamber. How, then, can (20 or less), at least one neutron per proton is re- 
ve pase neutrons be observed? This is accomplished by quired to stabilize a nucleus. These relations became 
onconte’ns of the tracks of other nuclei which are pro- apparent to the writer in 1921 (3), in a paper which 
redure | ueced by (1) elastie collections of the neutron with considered the effects of the number of protons and 
whicdi@mme’ Ducleus; (2) inelastie collections in which the neutrons in atom nuclei upon their stability. How- 
1 7 Aggecttron is captured by the nucleus which it strikes. ever, as the number of protons increases above 20, 
at, for example, this happens to be a nitrogen nucleus, their repulsion becomes so great that the nuclei are 
the a short track of a boron nucleus and a much longer not stable unless the number of neutrons increuses 
as bol rack of a helium nucleus (alpha particle) are ob- more rapidly than the number of protons. 
aria tved to originate at a single point. The stability of atomic nuclei may be summed up 
3 of i From the relations found in these and other photo- in terms of (1) a general relation between the number 






s nisin aphs of atomie transformations the writer devel- 


of protons and of neutrons in the nucleus, and (2) 
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special relations which involve whole numbers, as out- 
lined in the next section. 

The general relation may be considered to be repre- 
sented by a valley in which the atoms are stable, sur- 
rounded by slopes where they are partly or wholly 
unstable. If considered as a relation between protons 
on one axis and neutrons on the other, the valley is 
narrow. However, it is broad (Fig. 4) if the number 
of protons, Z, is plotted on the X-axis and on the 
Y-axis the ratio N/P, where N is the number of 
protons and neutrons (P=Z+N). 

Except for those atomic species represented on the 
X-axis, all the other species lie on 54 curves, each of 
which is nearly a rectangular hyperbola. These rep- 
resent the isotopic number (I) which gives the excess 
in the number of neutrons over the number of protons. 
Ary nucleus is represented by the formula: 


(pn) zn, 


It may be considered that a deep canyon occurs at 
(N/P) =0.5, or I=zero (the straight line of the 
X-axis), since in 84.5 per cent of all the atoms on 
earth and 79.0 per cent of those in the meteorites the 
number of neutrons is exactly equal to the number of 
protons. That almost all (99.9 per cent on earth and 
98.4 per cent in the meteorites) of the atoms on the 
earth or in the meteorites have isotopic numbers of 4 
or less is shown in Table 1. 














TABLE 1 
Isotopic Earth Meteorites 
number ss ‘ 
0 84.5 79.0 
1 13.0 5.3 
2 0.2 1.6 
3 0.007 0.0 
+f > 12.4 
SE ack a areas ee... «tne aes 98.3 





Thus, the valley is extremely deep at the lowest 
edge, rises to a ridge at I=3, gives a deep valley at 
I=4 and is shallow above this. Atoms in which N/P 
is too low for stability must increase N by the con- 
version of a proton into a neutron by giving off a 
positive electron. If, however, N/P is too high, a 
neutron must change into a proton by giving off a 
negative electron (f-particle). 


VIII. Srapiniry or Atomic NUCLEI AND THE 
ABUNDANCE OF THE ELEMENTS 


In 1913 the writer began a statistical study of the 
atomic weights then known. The results indicated 
several relations of interest. The atomic weights 
(actually mean values for the element) were found 
to be so close to whole numbers for elements 2 to 28 
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inclusive that several conclusions seemed inevit 
as follows: 

(1) The masses of the atoms are extremely dlosa4 
whole numbers, with the exception of that of | 
drogen (Whole Number Rule). 
by Aston in 1919 and later. 
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ATOMIC NUMBERS 
Fic. 5. Exhibits the high abundance of nuclei whit 


contain an even number of protons. The figure givest 


abundance in the meteorites. Neon (atomic number 1)) w 
argon (atomic number 18) are gases and have escaped. | 
the stars, carbon, an element of even number, is extreme 
abundant as is also neon. 


(2) Any considerable departure of the stoi 
weights (when correct) of the elements from a wit 
number was taken to indicate a mixture of isotopé 
This conelusion was confirmed in the ease of chilomtt 
atomie weight 35.46, by the separation of the elewel 
into isotopes. 

(3) It was found that for elements of even to 
number above 26 (even number of protons in! 
nucleus) the atomic weights are no closer to whit 
numbers than they should be by chance. Thus, it 
each of these elements there should be many isotope? 
while the odd elements were indicated as having 
one, or very few, isotopes. Later, this also was (# 
firmed by Aston. | 

The general theory of nuclear structure advaltt 
at that time by the writer was sufficiently fruitful’ 
give rise to several other predictions, which were 
fied later. 
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(4) Thus, ¢ the theory predicted that elements of even 
” number (P =even) should be much more abun- 
than those of odd atomie number. When this 
‘cated it was found that in the meteorites 
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even (Fig. 6). Thus, in so far as the abundance of 
atomie species has been determined, 99 per cent of ail 
the atoms in the earth’s crust have nuclei which con- 


tain an even number of neutrons. This relation be- 
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o whites more abundant than those of odd number, while oped a formula for all nuclei as follows: 
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hus, id the surface of the earth and the sun this ratio is 










sotopsmmmmbout ten to one. Also, the stars in so far as they 


®ve been investigated seem to exhibit a decided pref- 
pence tor elements of even number. Thus, atomic 
huclei Which contain an even number of protons are 


huch more “stable” than those in which the number 
odd, 
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An even more prominent relation is that in 
all “stable” nuclei the number of neutrons is 


Bs 
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(pn) 2M; 


in which p is a proton; n, a neutron; Z, the atomic 
number; and 1, the isotopic number. 
number gives the excess in the number of neutrons 
above that for atoms whose nuclei contain equal num- 
bers of protons and neutrons. 

(6) Thus, there are almost no atoms whose nuclei 
are stable with an odd number of both neutrons and 


The isotopic 
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protons: only about one atom in ten thousand on 
earth. This is an extremely remarkable relation. 


IX. FUNDAMENTAL PARTICLES AND THE FORMATION 
OF PLUTONIUM 


In nuclear reactions, particles other than protons 
and electrons, the two which are considered to exist 
inside the nucleus, are also involved. As stated in the 
last section, negative electrons (or B-particles) are 
given off from the nuclei of heavy (radioactive) 
atoms, if the particular species contains more neu- 
trons than corresponds to stability. In such an event 
a neutron in the nucleus is converted into a proton by 
emission of an electron, or 

ny > pi te-} 
In such a change there is only a very small loss of 
mass. By this type of process U%; (formed by the 
addition of a neutron to U%) changes into neptunium 
(N33). Then, by emission of another electron this 
changes into plutonium (Pu%;), which is used in one 
of the two types of bomb. The whole series of re- 
actions is as follows: 
nh + US —> UB+y 
where y represents gamma rays. Now, an electron is 
emitted with a half-life of 23 minutes: 
U% ———> Np¥ tes 
ev min, 

Neptunium also gives off an electron with a half-life 
of 2.3 days: 

Np’s saa? 
2.3 days 
In general, any second electron is lost more slowly 
than the first, and the species formed finally, e.g. 
Pu’; when it disintegrates, gives off a-particles. 
Plutonium disintegrates very slowly and for practical 
purposes is stable. 





239 0 
Pu 94 + C_i. 


Positive electrons are transient. They have the 
Same mass as ordinary negative electrons and are 
given off from a nucleus when one of its protons 


changes into a neutron: 


s 0,,0 
P 177 0, + e.; 


Such positive electrons disappear very rapidly, since, 
when they meet negative electrons, their mass takes on 
the form of radiation and no electron is left: 


0 0 
e+e.) > y¥- 


The atomie mass of the electron is 0.0005486 or 
9.1x 10-28 gram, so, since both electrons disappear, 
twice this amount of mass appears in the form of 
radiation of a frequency 2.5x10?° vibrations per 
second, which is a wave length of 0.012 A. 

Gamma rays (y-rays), which are practically x-rays 
of higher energy and thus of higher frequency, are 
given off very frequently in nuclear transformations. 
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In some cases this is the only disintegration» b 
means of which an intermediate excited nude 
. . ° K 
changes into its stable form, as with carbon. 
12% 12 
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Gamma rays may also play the part of PYOjectiles (mee w 
form an excited nucleus, which then disintegrate any 
For example, this may occur with beryllium, wit} ty ed ar 
emission of a neutron: trons 
Be 3+ y — Be$* —> (Bef +n) 2 He! 49! this | 

It is pointed out in an earlier section that ay alphy “4 
particle, when captured by a nitrogen nucleus, ving Di 
an unstable (excited) fluorine nucleus of mass 18 I ster 
relatively low, though high, energies this disintegrat 9 t] 
into hydrogen and oxygen of mass 17. However, g * 
higher energies the excited nucleus disintegrates gly * 



































into a positive electron, a neutron, and oxygen 7 
That the products of the disintegration of any com: 
pound nucleus are dependent upon its state of ene, 
is illustrated also in the relations of uranium: ») 


piun 
y 19 
the | 


By a 


uranium 239 is produced from uranium 238 by tip 


isot 
capture of a neutron. 


At very high energies {hj 
undergoes fission, but if the produetion of plutoniy 
is desired, the best yields are obtained if neutrons ay 
used which are relatively slow but lie in the resonang 
region located somewhat above that of thermal energy 
—that is, above that of the molecules in the atm ii 
phere. The best yield of fission of uranium 235 | 
however, obtained by the use of thermal, or |oy: 
velocity, neutrons. 


p-pa 
ptun 
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A stable nucleus may be considered as having: “ 
definite amount of energy. When more energy 8 
present, it is said to be in an excited state. Such: 
state is restricted to definite amounts of energy, know 
as energy states, of which there are a very greil 
number. If a particle which is approaching a stall 
nucleus has just the definite amount of energy, kineti 
and potential, which, added to that of the stall 
nucleus, gives exactly the energy of one of the ener 
states or “levels” of the compound nucleus whit 
would be formed by the union of the two partici 
then the probability of the union of the two partic 
is extremely high. This phenomenon is known & 
As the energy departs from that of tl 
energy level, the probability of the union of the tw 
particles decreases rapidly. Different resonance lev 
have different widths: i.e. at some levels the variatitt 
of energy for capture (or for emission) is mut 
greater than at others. 

It is found that different elements, when used wit 
all of their isotopes present, capture neutrons of ¢t 
tain velocity much more than those which have othe 
velocities. A region of energy in which this capttt 
is more apt to occur is a resonance region of one 
the isotopes. For example, cadmium exhibits 4 Ve! 
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capture of neutrons which are very slow, with 











ation.” bp ked With silver thi sel 1+ 
dnc fmmeneBY of 0.01 volt. ith silver this rises to 
n: b volts; with rhodium, to 3 volts; with iodine, to 
99) volts; and with bromine, to 100-500 volts. 
jectiles s, when neutrons are shot through a thin sheet 
integrate any of these elements, neutrons*of the energies 
, With a bd are greatly reduced in number, while most of the 
"ME ons of other energies pass through. Relations 
, this type may be used to control the reactions in 
‘ bomb. 
™ uh 
eus, DisCcOVERY OF THE TRANS-URANIUM ELEMENTS 
s 18, After the completion of the other sections of this 
neg ner the new elements 95 and 96 were announced on 
Sts November 1945,- by G. T. Seaborg, the earlier dis- 
~— erer of plutonium® (late in 1940). The first trans- 
*Beu Ih ium element, neptunium 239, was produced 
‘ny cou. 1940, by E. M. MaeMillan and P. H. Abelson, 
mo) | fr following procedure : 
ei By a radiative capture of a neutron in uranium 236 
. by “tHE isotope of mass 239, (U?**) is formed. This emits 
mes this B-particle with a half-life of 23 minutes, giving 
utonia ntunium of the same whole number mass 239 (since 
e loss of mass accompanying the emission of an elec- 
is : 2 is very small). Now, in general, in natural radio- 
_-°'iiifivity the emission of one B-particle is followed by 
a emission of a second with a considerably longer 
“" “ie. In conformity with this relation the half-life of 
ve ptunium 239 was found to be 2.3 days, or 144 times 
; peer than for the emission of the first B-particle. 
‘Vil§ Ube first isotope of plutonium to be found was not 
a pt used in the atomic bomb, but was Pu®®*. , 
; gee ust, U**S was bombarded in the cyclotron of E. 
kno Lawrence by the nucleus of heavy hydrogen (deu- 


on) of formula (pn)? and mass 2. Two neutrons 
| stable tape, so the resultant effect is the addition of 


stable a 
. Us + (pn); ——> Np%;* +n) 
energy 22 — 
hid Np43* __,Np73 +n} 
rticles fie Fp se > Pury +e} 

; 93 2.0 day 4 1 
rides i 
wn afer’ Sotope of plutonium thus formed emits «-par- 
= les with a half-life of about 50 years. 

) 8) in . a : 2386 ° 

e twieeMore important is the isotope Pu used in the 
leves mb. This is formed by the emission of a 6-particle 
iatio (3 days half-life) from the nucleus of the Np** 
mudi femescribed above, 


piecently, as mentioned above, elements 95 and 96 
wit JM@ve been discovered by Seaborg and collaborators 
f ot J A. James, L. G. Morgan, and A. Ghiorso) in 
othe fmetk at the melanin Laboratory, University of 
ptue Mmcago, Both U%8 and Pu’s 


2e 0 Collab orators in the 
rator discovery of plutonium: E. M. Mac- 
very eme/2n, A.C. Wall, and J. W. Kennedy. 


were bombarded by 
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high energy (40 Mev) helium ions in Lawrence’s 60- 
inch cyclotron, as rebuilt by J. G. Hamilton. 

Information as to what isotopes were found has 
not been released, but it is very simple to indicate 
what excited compound nuclei are formed. 


U8 + He > Pus? 


If this emits B-particles, then 
Pui* — X42 4 6 


95 


22 7242 
x“ — Y- oat B 


With plutonium the saiaibal compound nucleus would 
be formed as follows: 
Pu + Hes — y23* 


96 


The chemistry of elements 93 to 96 is of extremely 
great interest. At the present time, 97 elements, in- 
cluding the element of atomic number zero (its atoms 
are neutrons), are known. Of these 1 to 96 have 
outer electrons and the associated chemical properties, 
while 0 has no electrons and no chemical properties. 

Seaborg has revealed a few of the chemical rela- 
tions of the trans-uranium elements, whose properties 
on the whole, somewhat to those of 
uranium. They form a transition series, and in this 
sense resemble the rare earths, but especially the 
lower numbers of the series are much more easily 
raised to higher oxidation states (above III) than the 
rare earths. 

Seaborg finds that 10'* 
tain 1 part of plutonium. 


are, similar 


parts of pitchblende con- 
From this it may be eal- 


‘culated that there is in the earth’s crust about 1 atom 


of plutonium to 10 billion-billion atoms of the other 
elements. In this work he was assisted by M. L. 


Perlman. 


XI. THEORY OF THE INTERMEDIATE OR COMPOUND 
NUCLEUS AND THE FISSION OF URANIUM 
AND PLUTONIUM 


It is pointed out in the introduction that in a 
nuclear transformation the first step is the formation 
of an excited nucleus, as follows: 

P+T—-C* (1) 
Then C* must get rid of its excess energy by some 
type of change in which it loses energy, so: 
C* > D+E. 
If E is excited, a second disintegration oceurs (Fig. 7). 
For the fission of uranium or of plutonium the first 
step is the formation of the excited nucleus which is to 
split into parts. This is done by the addition of a 
neutron (n)), as follows 
Ua +ni— U 236" 
Pus! +n? Pu %0* 


Since the disintegration by fission of one of these is 
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a process of the same type as that of the other, only 
the fission of U* is considered here. 

In its fission the nucleus seems to split into two un- 
equal parts of masses 127 to 154 for the heavier frag- 
ment and 115 to 83 for the lighter fragment. How- 
ever, most of the masses lie between 134 to 144 for 


O 
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PROJECTILE TARGET a 
PRODUCT -¢ 
PRODUCTS 
Fic. 7. A nuclear transformation in which several inter- 


mediate nuclei are involved. 


the heavier and between 90 and 100 for the lighter 
fragment. Inspection of Fig. 4 shows that for 
uranium 236 the ratio of neutrons to total particles 
in the nucleus is 0.61, while in the range of mass 
from 134 to 144 even the highest ratios are in gen- 
eral 0.6 or less, and for mass numbers 90 to 100 the 
highest ratios of any of the isotopes are about 0.584. 
Thus, if the two atoms formed in the end as the result 
of any fission have even the highest number of neus 
trons for stable isotopes, there are about five neutrons 
to be accounted for; if lower isotopes, more than five. 

The process of fission may be considered analogous 
to what would occur if the water drop in air were to 
be set into strong vibration. This would result in the 
separation of the drop into two parts, but initially 
with a neck, or cylinder, of water between them. This, 
then, segregates into several minute water droplets. 
In the fission of uranium 236 it may be assumed that 
the process is analogous and that the droplets formed 
are neutrons, 1 to 3 in number. The loss of this num- 
ber is not sufficient to allow the two atoms formed as 
fragments to be stable. Therefore, these nuclei must 
expel neutrons, but the expulsion may be “delayed” 
for a period of moderate length. Another method of 
getting rid of extra neutrons is for the neutrons in 
the nuclei to lose negative electrons, thus converting 
neutrons in the nuclei into protons. It may be sup- 
posed that the “delayed” neutrons observed to be 
given off after the fission occurs are emitted after the 
emission of one or more negative electrons, since the 
life of atoms in electron emission is much greater in 
general than that for neutron emission. Although the 
water-drop model is used above to illustrate fission, 
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nuclei in general seem to be more closely 
minute crystals. 
The history of the discovery of the fission of hea 
atomic nuclei into two nearly equal parts j; of ¢ 
treme interest but cannot be related fully hey. 
lightest atoms ‘such as the neutron, the hyd 
atom, or the atom of heavy hydrogen have mag 
higher than their respective whole numbers, jp 
case of the neutron by 0.9 per cent, and for hy drog 
of unit mass by 0.8 per cent. The atomic wei 
of oxygen is a whole number by definition, 4, 
atomic mass becomes higher, it falls below that of 
corresponding whole number with extreme sloyyg 
but when barium of masses 130 to 138 is reach 
has fallen to about 0.08 units below the whole nuyjy 
Above this, the negative deviation from a whole yy 
ber becomes smaller, so that, when mercury of atoy 
weight 200 is reached, it is almost exactly at the wy 
number again (mass 200 = 200.016). 
positive departure from a whole number ince 
rapidly, and the mass of U?** may be given as 236, 


Above this, 


Now, if U?** were to split into two parts, it wo 
lose the excess over a whole number (.093) and 4 
0.08, the defect in the mass, or 0.173, which i 
sum of these. However, on the average, two neutra 
are lost in the process, and these have an excess 1 
of 0.018, so that the loss of mass experienced by w 
235 grams of uranium used in the bomb would} 
0.155. This multiplied by ec? gives 1.4 x 10°° erg 
3.4 x 101% calories. This amounts to 2.7 x 10° ergs, 
6.6 x 10** calories per pound. The temperature ti 
given by the bomb is many million degrees ani t 
pressure many millions of atmospheres. However, ti 
efficiency is not perfect, since not all of the uranw 


or plutonium atoms in the bomb undergo fission, a 
the temperature is so high that a considerable fractia 
of the energy may escape as radiation, which, althow 
it gives pressure, is relatively ineffective as compuatt 


FIG. 
tur 


with the motion of the molecules. 
elas 
nd 


Fermi became interested in the work on 
tegration of light atoms by neutrons, as presented oe 
a paper by the writer at the Conference on Nuclear / 
Physics at the University of Chieago in June }) 
In this paper Harkins, Gans, and Newson report 
the discovery of the first artificially radioactive mat 
rial ever produced, a nitrogen isotope of mas ! 
A year later Joliot and Curie obtained a nitrogen 
tope of mass 13, which they proved to be radioaciift 
Fermi had available at the University of Rome abil 
fifty times more radium than was available at 
University of Chicago, and was thus able to makt! 
rapid survey of the effects of neutrons on a very lat 
number of the heavier elements. This work guild 
him the Nobel Prize, which he merited on accoutt t 
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ery of the effects of slow neutrons and his 
1 statistical mechanies. However, very 
$ rtunately, the prize was granted for the discovery 
he trans-uranium elements 93, 94, 95, and 96, the 
overy of which is described in Section X.of the 
sent paper. What Fermi had actually found was 


Y Similyp discov 
‘er work it 
OD Of hes 
IS Ig of : 

here, 
" hy dry 


AVE Mag fission OL uranium. 

es, in n all disintegration reported before 1939, one of 
T hyd products was always a very light atom, for ex- 
Me Wei ple, hydrogen of masses 1, 2, or 3, a neutron of 
mM. As -< 1, or helium of mass 4 (or 3). In January, 


that of %) «however, Hahn and Strassmann described a 


© slownedii tition of Fermi’s experiments on uranium. They 


reache] fllmsined evidence, from the chemical nature and radio- 
Le Dube ve periods of the products, that one of the atomic 


vhole py 
"Of atoy 
the why 
e this, 4 


ies produced was barium with an atomic mass and 
ber not far from half that of the uranium which 
integrates. Immediately after this, Frisch and 
s Meitner pointed out that this constituted the 
overy of an entirely different type of nuclear reac- 
mn, in which the intermediate or compound excited 
Jeus splits into two parts of nearly equal mass. 
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PG 8. Formation of an intermediate excited nucleus by 

ture of a neutron. In b the neutron is first deflected by 

he disia elastic collision with the nucleus of an atom. The right- 

hd section of the figure represents what would occur if, 

ented i ording to the earlier ideas, a disintegration were to occur 

é honcapture. However, such a disintegration has never 
Nucleaien found. 


ne 1; 


-eporle ery shortly after this, numerous experiments by 
"epory 


nous investigators, Szilard, Zinn, Joliot, Halban, 









“7 d Kowarski, combined to show that in each fission 
nail bm one to three neutrons are liberated. This has 
sadtil n shown in an earlier section to agree with the 
e abot ations presented in Fig. 4. However, it should be 
at th pened that there is a second mechanism by means 
make§ Nampline can disappear from an atomie 
ln : eus, since, as shown earlier, when a negative elec- 
a i 's emitted by a nucleus a neutron in that nucleus 


changed into a proton. The emission of negative 


vant OMT trae saps . . “A: 
ctrons in this way is designated as artificial radio- 


os 
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activity, and the artificial radioactivity which occurs 
after the fission of a heavy nucleus is extensive. 

During the years 1926-36 the writer obtained evi- 
dence, partly by experiment and partly from the lit- 
érature, that the intermediate, or compound, nucleus 
is formed in all cases as a preliminary to disintegra- 
tion. One of the first steps taken by Harkins and 
Gans in 1934 was to show that those disintegrations 
caused by neutrons assumed by members of the staff 
of the Cavendish Laboratory to occur by noncapture 
actually occur by capture (Fig. 8). By the develop- 
ment of a relativistic equation for disintegration by 
noncapture it was shown: 

(1) That in none of the events assumed to oceur in 
this way had there ever been enough energy to give a 
disintegration of this type. The simple form of this 
equation is presented here merely to show that the 
changes of mass involved in a disintegration must be 
considered : 

_ {M?+2m,[Eo + Ep + ¢?(meg + Mp — Mz) J} 
A 2m,M cos a 





Va 


Here V, is the velocity of the projectile; M is the 
momentum; E is the kinetic energy; m, mass; ¢, the 
velocity of light; and A, B, C, and D are the nuclei 
involved. 

(2) That the energies of the neutrons which were 
supposed to give noneapture disintegrations were 
found to lie on the same curve as those known to be 
of the capture type. 

(3) That an intermediate compound nucleus is 
formed is shown clearly in events in which neutrons 
and protons are both given as the final products in 
two types of disintegration obtained from the same 
initial projectile and target. For example, if an in- 
termediate, or compound, nucleus is formed by the 
addition of the helium nucleus to N**, very few pro- 
tons are emitted until the alpha particles have a some- 
what high velocity, after which the number of protons 
emitted rises very rapidly with the velocity of the 
alpha particle and then quickly reaches a constant 
value, which, however, soon begins to decrease. Just 
as this decrease begins to appear, neutrons are found 
to be given off by the disintegration. The number of 
neutrons now increases at the same rate as the yield 
of protons decreases, which shows most clearly that 
in such transformation there is no direct coupling 
between the initial alpha particle and the protons and 
neutrons formed as the final products of the disinte- 
gration. The formation of protons and of neutrons 
are thus disintegrations of the compound nucleus, 
which compete with each other, the increase in one 
giving a decrease of the other. 

One of the most, prominent’ properties of the 
neutron, due to its absence of charge, is that it can 
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pass through an enormous’ number of other atoms 
without deflection, unless it strikes a nucleus. Since, 
on the average, about two neutrons are emitted by 
each fission and only one is needed to produce it, and 
since, in addition, the reaction is exceedingly fast, the 
number of neutrons and also the number of fissions 
increases with extreme rapidity, provided no neutrons 
escape. However, unless the body is moderately large, 
so many neutrons escape that, on the average, less 
than one of the neutrons produced by a fission is effee- 
tive in uniting with a nucleus to give another fission, 
so the reaction dies out. If the body is larger than 
this (known as the critical volume highly dependent 
upon the shape), the reaction proceeds. In such a 
ease the term, chain reaction, has been employed, 
although this is somewhat different from the prior use 
of this term in chemistry. 
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The writer realized not very long aftey th 
ning of the development of his general theo 
clear transformation, in 1926, that the Couples 
theory is of the quantum-mechanical type. Such, 
enlargement of the theory was developed in 1937 
Bohr and Kalckar (2). However, this was no do 
until the point of view of nuclear physicists jy genors 
was changed by experimental evidence, which demon 
strated that the primary process is the formation ¢ 
a nucleus, rather than its disintegration. 
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Thomas J. Maney 
1888-1945 


Last 12 October marked the passing of T. J. Maney, 
chief in pomology at Iowa State College. His death 
occurred at Rochester, Minnesota, where he had under- 
gone an operation. 

Maney was born at Geneva, New York, on 24 April 
1888. He gained his inspiration for horticulture 
under the tutelage of Professor 8. A. Beach and 
graduated from Iowa State College in 1912. He 
was employed by the college immediately following 
his graduation, in which relationship he continued for 
the past third of a century. He served as chief in 
pomology at this institution since 1917. His special 
field was hardy stocks for the pomaceous fruits. His 
genial fellowship and keen Irish wit will be missed 
by tus college associates. 

Mr. Maney is survived by his wife and three sons, 
one of whom is in the Army Air Corps. 

A. T. ERWIN 
Iowa State College 


Bruce Lawrence Clark 
1880-1945 


Dr. Bruce Lawrence Clark, associate professor of 
paleontology, emeritus, of the University of California 
and one of the country’s outstanding authorities on 
invertebrate paleontology, died on 23 September 1945 
at his home, 916 Euclid Ave., following a six-month 
illness. His death will be mourned by hundreds of his 


former students in all parts of the world, who hej 
him in affectionate regard as a friend as well ay, 
instructor. 

Dr. Clark graduated from Pomona College in 1% 
and received his Master of Arts degree and his Ph) 
degree at the University of California in 1909 a 
1913, respectively. He joined the university faculty 
as a teaching fellow in 1909. He became an associaté 
professor in 1923. 

On the Berkeley campus, Dr. Clark developed a 
school of graduate students who went out to all parts 
of the world to develop the vast oil fields in Arabia, 
Sumatra, Java, Borneo, Colombia, Venezuela, aul 
Mexico. He himself traveled extensively in Europ 
and Mexico visiting other scientists in his field. 

His principal interest was in the invertebrate fossil 
of the Pacifie Coast and he had recently discoverel 


radiolarian deposits from the Eocene period in tej 


region of Mount Diablo. He was a member of tle 
American Association for the Advancement of Scientt 
the Paleontological Society, the Geelogieal Society 
America, the California Academy of Sciences, the Fit 
ulty Club, and the First Congregational Chureh 
Berkeley. 

Dr. Clark was born in Humboldt, Iowa, on 29 Maj 
1880. He is survived by his wife, Mrs. Delia E. Clath 
a daughter, 2d Lt. Elizabeth Clark of the Army Nu 
Corps at DeWitt General Hospital at Auburn, Call- 
fornia, and a son, Bruce E. Clark, CM1/e USNR, 0" 
home from Okinawa. 

Cares L. Ca? 
University of California, Berkeley 
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: ne Effect of B-Pyracin and the Lac- 
iybacillus caset Factor Upon 
Hemoglobin Regeneration 

Following Hemorrhage?? 


ue | 


“7 M. L. Scorr, L. C. Norris, and G. F. Heuser 


Agricultural Experiment Station and School of 
Nutrition, Cornell University 


Recently Seott, Norris, Heuser, and Bruce (4) re- 


_ ported that the macrocytie hypochromic anemia which 
in develops in chicks fed a purified diet 1s prevented by 
f) ; , , ‘ . 
administration of the erystalline Lactobacillus casei 

Soe 


factor (LCF) of Hutchings, Stokstad, Bohonos, and 
Slobodkin (2) together with either the lactone of 2-me- 
thyl-3-hydroxy -4- hydroxymethyl -5-carboxypyridine 
(a-pyracin lactone) or the isomeric 4-carboxy lactone 
Kornberg, Tabor, and Sebrell 
© (3) have shown that the erystalline LCF of Hutchings 
Band associates (2) has a preventive and corrective 


(p-pyracin. lactone) .* 


faction on hemorrhagie anemia in rats fed a purified 
diet containing sueeinyl sulfathiazole. 

Since, in the chick, LCF and pyracin appear to be 
concerned in hematopoiesis under conditions of mal- 
nutrition, the question arose as to whether or not 


injections of these factors might speed up hemato- 





poiesis in times of great need, as for instance, after 
severe hemorrhage, even when the subjects are re- 


celving a good diet. Experiments were condueted, 


‘UM therefore, to determine if it is possible to hasten 
SH hemoglobin regeneration, following severe hemor- 





rhage, by intramuscular injections of LCF and 


The results of these experiments are 


b 
B-pyracin. 


i presented in this report. 

Three different experiments were conducted using 
;a total of 34 White Leghorn hens in active egg pro- 

“™ ‘duction. Each hen was kept in an individual wire 

“me cage in a heated room and fed a commercial diet 

it@® throughout the experiment. The hens were rendered 

“Mi anemic by withdrawal of blood from the heart with 
5 2 Luer’s syringe. The amount withdrawn was caleu- 

*This work was aided by grants to Cornell University by 
a the Western Condensing Company, San Francisco, California, 
os the Wyeth Institute of Applied Biochemistry, Phila- 
4 copain, Pennsylvania, and was conducted in the nutrition 

ae oratories of the Department.of Poultry Husbandry. The 

paper was submitted in July 1945. 

’ “The technical assistance of R. F. Ball is gratefully 

acknowledged. 

17 |. wu published studies conducted in this laboratory, to- 
pother With the data presented here in Experiment 3, show 
| ‘hat both the acid and the lactone forms of these compounds 

‘ ; che active, nutritionally. Therefore, due to its connotation, 


hame pyracin will henceforth be applied to the acid 


ems, while the lactone forms will be 
actones, 


referred to as pyracin 





lated to be approximately one-third of the hen’s 
total blood supply. The blood withdrawal had no 
effect upon the rate of egg production. 


After bleeding, the hens in each experiment were 
separated into four groups. Group 1 acted as the 
control and received no therapeutie treatment. Group 
2 received 50 y of 6-pyracin* per hen, by intramus- 
cular injection, 24 hours after bleeding and subse- 
quently every 24 hours until termination of Experi- 
ments 1 and 2, and until the fourteenth day of Ex- 
periment 3. Similarly, Group 3 received 50y of 
LCF,°> and Group 4 received 50 y each of B-pyracin 
and LCF per hen per day. 


Hemoglobin values were determined for each hen 
before the experiments were started. Hemoglobin 
determinations were also made just prior to injection, 
24 hours after bleeding, and, in like manner, daily 
thereafter until the injections were discontinued. 


TABLE 1 


HEMOGLOBIN VALUES OBTAINED IN HENS ADMINISTERED 
B-PYRACIN AND Lactobacillus casei FACTOR 














(LCF) AFTER HEMORRHAGE 
= 2.6 Hemoglobin after bleeding by 
woeoe 24-hour intervals 
a2 558 grams/100 cc. 
Treatment 2% Sérn 
> a> 
“ god ss 
6 oS a. a ar a aS ea. S 
Z Weoto 
Experiments 1 & 2 (Preliminary) 
Control ... 6 8.6 5.7 6.4 5.6 6.2 6.4 6.7 6.8 7.3 
8-pyracin 5 8.2 5.7 5.6 6.2 6.8 7.0 8.0 7.7 8.2 
ih; i) 8.1 5.9 6.2 6.6 6.5 7.1 7.6 7.9 8.5 
8-pyracin + 
i ee 6 8.6 5.7 6.1 6.6 7.4 7.8 9.0 9.4 9.7 
Experiment $ 
Control ... 3 7.5 4.5 4.4 4.8 4.2 5.4 5.6 5.3 5.8 6.0 
B-pyracin 3 7.5 4.6 5.6 6.5 7.1 6.8 6.7 6.5 8.1 8.0 
LE Pée0% 3 7.4 4.9 5.6 5.9 6.4 6.4 7.5 7.2 7.9 7.5 
8-pyracin + 
iS. 3 7.9 4.9 5.6 6.1 7.1 7.3 8.1 8.3 8.9 9.7 





The “pre-bleeding” hemoglobin values obtained on 
these experiments were lower than the value of 9.8 
grams per 100 ee. of blood reported to be normal for 
the hen by Dukes and Sehwarte (1). We have ob- 
tained values on hens receiving the same diet, but not 
in active egg production, which are in agreement with 
the value reported by these workers. 


We are indebted by Merck and Company, Rahway, New 
Jersey, for the crystalline 8-pyracin lactone used in Experi- 
ments 1 and 2, The lactone was converted to §-pyracin for 
use in Experiment 3 by refluxing 5 mg. in 20 ce. of 0.05N 
NaOH for 15 minutes. 

5 We are indebted to Dr. E. L. R. Stokstad and Dr. B. L. 
Hutchings, of Lederle Laboratories, Pearl River, New York, 
for the crystalline Lactobacillus casei factor used in these 
studies. 
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The results of the hemoglobin determinations which 
are presented in Table 1 show that the administration 
of either B-pyracin or LCF alone is of some value in 
hastening the regeneration of hemoglobin after severe 
hemorrhage, but that the administration of both these 
factors together is markedly more effective, causing 
a return of the hemoglobin level to the “pre-bleeding” 
value in five to six days, whereas in the hens receiving 
no treatment only a slight inerease in hemoglobin 
level was observed in that length of time. Further- 
more, the hemoglobin level in the hens receiving both 
B-pyracin and LCF continued to rise in all experi- 
ments and reached the normal level in eight to nine 
days, while the controls showed an increase in hemo- 
globin of approximately 1.5 grams per 100 ce. of 
blood in the same period of time. 

In Experiment 3, the hens were held after the vita- 
min injections were discontinued and periodic hemo- 
globin determinations were made in order to ascertain 
the ultimate effect of the removal of approximately 
one-third of the blood supply. The results are pre- 
sented in Fig. 1. The results show that in all eases 
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Fig. 1. Effect of injected f-pyracin and Lactobacillus 
casei factor upon the rate of recovery from hemorrhagic 
anemia. 


the hemoglobin levels rose above the “pre-bleeding”’ 
values and then declined to approximately the original 
level. The rate of increase was much more rapid and 
the level reached was higher in the lot receiving both 
6-pyracin and LCF than in the other lots. In this lot 
and the lots receiving B-pyracin and LCF singly, the 
higher hemoglobin levels were maintained for some 
time before declining. The rise in hemoglobin levels 
above the “pre-bleeding” values, which was observed 
in all lots, may possibly be explained by an overecom- 
pensatory activity of the hematopoietic organs under 
conditions of extreme demand. 


SUMMARY 


In severe experimental hemorrhagic anemia in hens, 
the injection of B-pyracin and Lactobacillus casei 
factor, alone and in combination, was found to hasten 
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the regeneration of hemoglobin. When these it § 


fact sues 
‘8 or 5D ’ 
were administered together, however, the rise in heal ation at t 
‘ ; 0. 
globin was much more rapid and the level reached wa eater OF 
é ; Sie § ; 
higher than in the lots administered the Lactors alone fammerimen's 
The hemoglobin levels in the control lots rose abore te of actio 
7 e 
“ +P] an 
the pre-bleeding values and then began an almog(fimmmm a2 PPP 
immediate decline to approximately the origina] level Yotor 1 
In the lots receiving B-pyracin and Lactobacillys all pynd that 
factor, alone or in combination, the hemoglohiy levee in €0 
also rose above the “pre-bleeding” values but Wereiammpto the Te; 
maintained for some time after injections were dis, produced | 
continued before declining to the original values ) minutes 
overed me 
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The Site of Action of DDT in the 4 ; 
je times 
1 Ie 
Cockroach Smit 
. DT on n 
KENNETH D. Roeper and Exizapetu A. Wey? 
p nerves Cal 
Department of Biology, Tufts College sect ins 
ac > 
_ ; a as ‘ontral 
Yeager and Munson (4) have obtained indirect ey. psaati 
dence that DDT (1-trichloro-2,2-bis(p-chlorophenyl). aes : 
> k )T 1 
ethane) may act on motor nerve fibers of the cc. §P" DI | 
roach, raising their irritability until spontaneous fected. 
‘ ; i exceitator’ 
discharges result in muscle twitches. Others have qe’ 
: : “4 18 . thoracie § 
confirmed this, observing the twitching which occurs ze 
: sliver 
in amputated DDT-treated legs. a 
‘ * ce ee } Vy Was « 
If an emulsion? containing 5 ug. DDT is injected fi" 
' . Btinuous 
into the body eavity of an adult cockroach (Per- a 
. ° ° sed pre’ 
planeta americana) weighing 1.0 to 1.5 grams, the P 
° ° . . ‘alt nd dep! 
insect shows typical symptoms of poisoning within HR = ea 
. ° ‘ N SOLE 
5 or 10 minutes. Briefly, the symptoms consist of Dp’ 
. anc 
coarse clonic spasms of the trunk and appendicular act 
. ee te , . erect On 
muscles and increased but initially well-coordinated >a 
es ° . 0 1€ Ce 
activity. Within a few hours the spasms become co & 3 
. ° ° , li any, | 
tinuous and the insect is unable to stand, although the a, 
‘ i r 
legs may continue to twitch feebly for 48 hours. ‘ 
P yense 
The dose producing tremors within 5 to 10 mu- aren 
utes is in the neighborhood of 5 to 10 mg./kg. fi. 
is assumed that DDT is distributed evenly among tle a 
body tissues, the toxic concentration at the site? Me 
action must be approximately 5 parts per milliol. Rey 
Even if DDT is selectively accumulated in certall speaker 
1The work described in this paper was done under 4 (Col relative 
tract, recommended by the Committee on Medical Research, sect, 
between the Office of Scientific Research and Developmen aig 
and Tufts College. il number 
2Twenty ml. of an oil solution (petrolatum mineral 0% 
90.5 per cent; oleic acid, 8.5 per cent; and DDT, 1.9 oe cent as 
cent) is passed through a hand emulsifier with 80 = s eae 
an aqueous solution (insect saline, 99.0 per cent ; triethano! Section 
amine, per cent). The emulsion minus DDT had 2 ihnile 
effects on cockroaches. ectro 
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seems improbable that the toxie concen- 
the site of action is more than 10 times 
less than this figure. The following ex- 
Wag ’ : ‘ 

One priments were carried out in order to discover a 
e of action sensitive toa direct application of DDT 

| an approximate concentration of 0.5 to 50 ppm. 
Motor nerves and muscles. Yeager and Munson 
und that the injection of a 10-per cent solution of 
yT in corn oil locally into the leg of a roach, or 
rio the region of the ganglion of the same segment, 
roduced twitching in the leg muscles within 5 to 
) minutes even after the motor nerves had been 
vered medial to the injection site. If DDT emul- 
‘on (1,600 ppm DDT) is applied directly to the 
“l, MBxposed, intact internal ventral muscles of the cock- 
ind My ch after removal of the abdominal ganglia, a series 
Mf isolated and often partial contractions of the indi- 
ce Mlidual fibers can be observed. These contractions 
re noted only one to three hours after exposure to 
musion containing 1,600 ppm DDT. In view of 
he times of onset and high concentration of DDT 
necessary, it seems doubtful that the direct action of 
DT on muscles or on the peripheral stumps of motor 
Merves can account for the symptoms observed in the 













sues, 1t 


tong 
‘0. gti0 al 
ea { e r QO r 


dis. 


intact insect. 

Central nervous system. Since deeapitation or sep- 
sration of the body segments causes no decrease 
in DDT tremors, no specific nerve center can be af- 
fected. To determine whether DDT has a general 
xcitatory effect on the central nervous system, the 
horacie ganglia were dissected in saline and mounted 
on silver electrodes. The spontaneous electrical activ- 
ity was amplified and counted electrically over con- 
tinuous periods of many hours. This method has been 
used previously to study the central action of excitant 
and depressant drugs and ions (3). Application of 
solid DDT erystals, 2 per cent DDT in mineral oil, 
and DDT in emulsion (1,600 ppm) had no deteetable 
effect on the level of spontaneous activity. In view 
of the concentrations used, the central action of DDT, 
if any, is of no significance in the genesis of typical 
DDT tremors. 

Sense organs. Silver electrodes were placed in con- 
slact with an exposed section of the ventral nerve cord 
oi an otherwise intact cockroach. Potentials were 
ied toa Grass amplifier and recorded with a cathode- 
ray oscilloscope and camera. Impulses were also 
counted electrically and monitored with a loud- 
speaker. The number of impulses per second became 
relatively constant except during struggles of the in- 
sect. If an effective dose of DDT was injected, the 
humber of impulses per second increased 700 per 
/cent as the typical symptoms of poisoning developed. 
| Sectioning the cord above and below the site of the 
electrodes revealed that the DDT-induced impulses 
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were in ascending fibers. Since the ganglia them- 
selves are not apparently affected by DDT, the 
ascending impulses must be sensory in origin. 

To obtain direct evidence of a sensory effect, the 
large crural nerve in the metathoracie segment was 
exposed from its root at the ganglion to the point 
where it enters the coxa. This nerve is designated as 
nerve 5 by Pringle (1) who showed by physiological 
methods that it contains afferent fibers from the cam- 
paniform sensilla and the hair sensilla in the leg, and 
a few efferent fibers to the muscles of the coxa. Using 
a manipulator, two silver electrodes were placed below 
the nerve between the ganglion and coxa. The elec- 
trode nearest the ganglion was pinched tightly around 
the nerve to crush it at this point. This prevented the 
nerve from slipping off the electrodes and rendered 
the afferent impulses monophasic. To eliminate any 
possibility of motor activity the ganglion was re- 
moved, and all other nervous connections with the leg 
were severed. 

Normal electrical activity in the afferent fibers con- 
sists of a steady asynchronous series of axon spikes, 
which is replaced by a complex high-frequency burst 
of impulses if the leg is moved passively or the coxa 
and femur are subjected to torsion (1). The electrical 
picture is similar but somewhat simplified if the dis- 
tal third of the femur is amputated. If DDT emul- 
sion is injected into the cut end of the femur so that 
the solution passes completely through the leg, there 
is an immediate and striking change in the electrical 
activity. In place of the random spikes, a series of 
impulse trains appears and persists for hours. Each 
train seems to involve a single fiber which fires repeti- 
tively at a frequency of 300 to 400 spikes per second. 
The train declines slightly in frequency and dies out 
The spike height in each train 
is constant, indicating the involvement of a single 
axon, although a number of different trains may oceur 
simultaneously. Comparison with normal oscillo- 
grams suggests that while the untreated sense cell 
discharges a single spike at various intervals, under 
the influence of DDT each single spike is replaced by 
a short train, likewise repeated at intervals. Even 
at the height of the DDT-induced discharge no spon- 
taneous movements of the leg were detected in well 
over 100 preparations and the increased electrical 
activity seems to be confined to the afferent fibers. 


in 0.1 to 0.5 seconds. 


Trains appear in the afferent fibers when solutions 
containing as little as 0.01 ppm DDT are perfused 
through the leg. Effects have been obtained with 
diluted DDT emulsion, suspensions of DDT made by 
a series of saline dilutions from a 1-per cent solution 
of DDT in ethyl alcohol, and a saturated aqueous 
solution of DDT in saline made by allowing saline to 
stand in contact with pure DDT erystals overnight 
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at 22° C. The time interval between perfusion and 
the appearance of trains is related to the DDT con- 
centration perfused (Table 1), and comparison of the 
figures suggests that the DDT concentration in the 
aqueous solution was between 0.1 and 0.01 ppm. 
Although the trains take longer to appear at very low 
concentrations, they may be marked and persistent. 














TABLE 1 
Saline 
Diluted DDT suspension rene 
emulsion in saline with 
DDT 
DDT in ppm 16.0 1.6 0.16 10.0 1.0 0.1 0.01 ? 

Individual 8.0 4.0 16.0 3.0 10.0 13.0 43.0 20.0 
times (in 7.0 8.0 9.0 2.0 3.0 21.0 52.0 42.0 
minutes) from 13.0 3.0 2.0 32.0 36.0 35.0 
perfusion to 25.0 4.0 12.0 19.0 32.0 12.0 
appearance 3.0 10.0 23.0 27.0 30.0 

of trains 16.0 31.0 31.0 

18.0 29.0 

17.0 32.0 

9.0 

Av. times 16.0 8.0 9.6 28.1 35.2 27.8 





The sensitivity of the sensory response is such that 
the DDT concentrations reached within the body of a 
cockroach receiving the minimum lethal dose would 
be more than sufficient to generate similar trains of 
impulses in the afferent nerves. It is concluded that 
in the cockroach the tremors characteristic of DDT 
poisoning are due to an intense and patternless bom- 
bardment of the motor neurones by trains of impulses 
originating in sensory endings. 

It has not been possible to identify the sensory 
structures upon which the DDT acts. 
amputation of the leg reveals that both normal elec- 
trical activity and DDT trains disappear if the tro- 
chanter is removed, although a considerable length of 
nerve 5, including several motor branches, remains 
intact in the coxa. Removal of the trochanter would 
eliminate all the groups of campaniform sensilla de- 
scribed by Pringle, and the general impression gained 
is that the proprioceptive sense organs are the struc- 
tures in which the DDT trains originate. <A similar 
series of trains can be obtained if DDT is injected 
into the eut cereus, and the electrical activity in the 
cereal nerve is recorded. The DDT trains are much 
less marked in this nerve and are somewhat masked 
by a large,» spontaneous background of electrical 
activity which seems to be unaffected by DDT. Al- 
though ecampaniform sensilla are located on the cer- 
cus, they are greatly outnumbered by hair sensilla 
sensitive to air currents and sound vibrations (2). 
This suggests that DDT does not have its character- 
istie effect on all sensory structures, but acts to some 
extent specifically on a particular group of sense 
organs, as yet unidentified. 
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SUMMARY 


(1) Although DDT undoubtedly affect, mol 
nerves and muscle fibers in concentrations oven 
than 1,000 ppm, this action cannot be directly , 
sponsible for the clonie tremors in the DDT. Stina 
cockroach which can be produced by interna] 
trations of the order of 5 ppm. 
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(2) DDT has no significant action on the cocky; 3 
central nervous system. gnd from 


(3) DDT emulsion perfused through the leg of ; woleeular 


cockroach in concentrations as low as 0.01 ppm cays 
the appearance of a series of high frequency trai, 
of axon spikes in the afferent fibers. 
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Molecular Weights and Other Properties ¢jjano 

of Viruses as Determined by trifugal 
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Light Absorption 
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Virus solutions exhibit visible opalescence due 


light seattered by the virus particles, and this results 
in a decrease in light transmission. It ean be show 
by an application of Einstein’s theory of light-seatter- 
ing of mixtures (1) that the molecular weight, M, o! 
uniform spherical particles, small compared with the 


wave length of light, A, is given for dilute solutions 
,4 


Di 8 
by the expression M=1.69x 1072 — on? where ¢ it 
e( 


0c, 
the concentration of the particles expressed in grat 
per milliliter of solution, D is the optical nae 
(the absorption coefficient divided by 2.303 for a ce! 


of 1 em. thickness) of the solution, and n is the ioe Fic 
on2 virus 

Sinee—— is nearly equi lengt! 
0¢ 























of refraction of the solution. 


oat . ahd orp 
to 2n, [). where ny is the index of refraction 0: ee: 
c+ iS Ye 


the medium, the latter expression ean be used. Thert- oP 
a 


fore, it is possible to secure molecular weight values 4 
for dilute solutions, the change in optical density 
wave length and the indices of refraction of the solvet! shor 
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yd solutions are known. In the present experiments 
ye indices of refraction were determined by means of 
. ess dipping refractometer, and the light absorp- 
tion of the solutions was measured in a spectropho- 
meter at Various wave lengths and concentrations. 
From the slope of the straight-line portion of the 
1 PRN ee 
ove of D versus 74 extré polated to infinite dilution 
and from the index of refraction of the solution, the 
molecular weight of the particles in solution is ob- 
tained. 

The method just described was used in studies with 
;yo virus preparations known to possess quite dif- 
ferent particle sizes. One of these was the PR8 strain 
of influenza virus, which has been found to consist of 
particles about 100 mp in diameter (3), and the other 
an tomato bushy stunt virus, which has been found 
‘) consist of particles about 26 mp in diameter (7). 
The influenza virus was obtained from infectious allan- 
oie fluid of the developing chick embryo and was puri- 
fed by a combination of the methods of adsorption on, 
and elution from, chicken red eells and differential 
entrifugation recently described by Knight (2). The 
bushy stunt virus was obtained from diseased Datura 
stramonium plants and purified by differential cen- 
trifugation as deseribed by Stanley (6). The results 
for aqueous solutions of the two highly purified virus 


preparations are given in Figs. 1 and 2. The ab- 
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Fig. 1. Light absorption of aqueous solutions of influenza 


— as a function of inverse fourth power of the wave 
length, 


sorption, expressed in terms of the optical density, D, 
‘s relerred to water as the zero value. 


For longer 


1 Ft 
wave lengths, D is linear in ve indicating that the 


ghoac . . ° ° ° 
‘sorption is due to Rayleigh light seattering. For 
3} ” . 7 . . 
orter wave lengths, where the influenza virus par- 
‘eles are comparable in dimensions with the wave 





SCIENCE 


307 


length, there is a decrease in scattering with a devia- 
tion from Rayleigh’s law as predieted by a theory o” 
Mie (4). In the ease of the much smaller particles 
of bushy stunt virus, where the particles are small 
compared with the shorter wave lengths, there is an 
increase in absorptions above that of the Rayleigh law 
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Fie. 2. Light absorption of aqueous solutions of tomato 


bushy stunt virus as a function of inverse fourth power of 
the wave length. 
because of the high percentage of nucleic acid in this 
virus (6). This component has an absorption spee 
trum which extends into the visible region. 

From the slopes of the straight-line portion of the 

] . 

curves of D versus 77 for influenza virus and bushy 
stunt virus, shown in Figs. 1 and 2, and from the in- 
dices of refraction of the virus solutions, molecular 
weight values of 322 million and 9.0 million, respee- 
tively, can be calculated. In this method no assump- 
tions need be made about the percentage of hydration 
Lauffer and Stanley (3) found the 
Using this 


of the particles. 
density of influenza virus to be about 1.1. 
density and the value of the molecular weight of in- 
absorption 
This value 


fluenza virus determined by the light 
method, a diameter of 97 mu is obtained. 
agrees well with estimates of the size of the virus 
obtained in ultracentrifugation and electron micro- 
scope studies (6). The molecular weight of bushy 
stunt virus obtained from the light absorption method 
agrees well with estimates made by Neurath and 
Cooper (5) and by Stanley and Lauffer (7) from 
ultracentrifugation and diffusion studies. 

The light-seattering, and therefore light-absorptive, 
powers of solutions are very sensitive to changes in 
particle size, shape, and interaction. For example, 
the method was used to determine the isoeleetrie point 
from the point of maximum coagulation of the virus 
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particles. A typical curve is illustrated in Fig. 3, 
which shows the absorption as a function of volume 
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Fic. 3. Light absorption at a wave length of 400 my of 
5 ec. of a 0.2-per cent aqueous solution of purified tobacco 
mosaic virus upon addition of 0.001 M HCl. 
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of 0.001 molar HCl added to 5 ee. of a 0.2-per eens 
solution of tobacco mosaie virus in water. The solp. 
tion corresponding to the maximum in the eupy. has 
a pH of 3.9, which agrees with the isoelectric point 
as measured with the same solutions by means ofa 
microelectrophoresis apparatus. It is also Possible 
by using the light-absorption method, to distinguish 
between the isoelectric points of tobacco mosaic yin, 
and many of its strains. The optical methog ig 
being used to study irreversible polymerization gy 
the formation of liquid erystals of tobacco mosgi, 
virus. The method seems to show promise in studies 
on antibody-antigen reactions involving viruses as th 
antigens, 
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News and Notes 








AAAS Meeting Notes 


The Council on Methodology of Science under the 
chairmanship of Paul Weiss, University of Chicago 
will hold a Friday morning session, 29 March, 9: 30 
A.M. in private dining room 6, Jefferson Hotel. A 
group of invited scientists will discuss some of the 
emerging problems which, with the rapid expansion 
of scientific domain, confront investigators, educators, 
editors, and administrators. The diseussion will center 
on such subjects as the relation between fundamental 
and developmental research, standards of research per- 
formance, and independent versus directed research. 


The Conservation Council under the chairmanship 
of Charles C. Adams, New York State Museum, Al- 
bany will hold a Saturday afternoon session, 30 March, 
2:00 P.M.; private dining room 5, Jefferson Hotel. 
An informal conference has been called by the tem- 
porary officers of the Conservation Council to discuss 
suggestions and plans for the formation of a perma- 
nent organization devoted to the integration of active 
interest in organizations within the general field of 
conservation. 


The Society for the Study of Speciation will hold a 
Saturday morning session, 30 March, 8:30 A.M. in 
private dining room 2, Jefferson Hotel under the 


chairmanship of Alfred E. Emerson. The 
for the Study of Speciation is a new group first 
organized in 1941 for those interested in the dynamics 
of evolution. In preparation for a fresh start, fol- 
lowing an inactive period during the war, this meeting 
is ealled to discuss organization and objectives and to 
elect officers. 


Society 


About People 


Dr. Carlyle F. Jacobsen, formerly professor of psy- 
chology and assistant dean of the Washington Univer- 
sity School of Medicine, St. Louis, has been appointed 
dean of the Graduate College at the State Universit} 
of Iowa, effective 1 April. 


Dr. Roger Adams, head of the Department of Chem- 
istry in the University of Illinois and member of th 
Science policy committee, has been awarded the Davy 
Medal of the Royal Society of London. Dr. Adams, 
who spent the war years in Washington with NDR, 
is now in Berlin as special adviser to Lt. Gen. Lucius 
D. Clay, deputy military governor of the Americat 
occupation zone in Germany. 

Dr. Adams served the AAAS on the Exeeutive Com- 
mittee 1940-1945, has been vice-president of Section 
C, was president of the American Chemical Society 
1935, and is now chairman of its Board of Directors. 
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pr, William C. Biel has joined the Denison Uni- 
versity faculty as associate professor of psychology 
and director of special projects in industrial research 
at Newark, Ohio. 

pr. Richard V. Morrissey has been appointed as- 
jstant professor Of biological sciences at Denison 
[niversity. 

Glenn L. Jepsen, associate professor, Princeton, has 
been appointed to the William J. Sinclair professor- 
ship of vertebrate paleontology in the Department of 
Geology at Princeton, effective at the beginning of the 
seademie year 1946-1947. This is the first appoint- 
ment on this professorship, which was established in 
honor of William J. Sinclair, who served as professor 
¢ vertebrate paleontology at Princeton from 1916 to 


1935. 
Benjamin Burack has been appointed assistant pro- 
psychology at Roosevelt College, Chicago. 


fo 
ressor Ol 


Dr. Steuart Henderson Britt, until recently a Lt. 
Commander, USNR, serving in the Headquarters of 
the Commander in Chief, U S. Fleet, has become the 
associate director of research of MeCann-Erickson, 
Ine. 

Dr, Edward Asahel Birge, president emeritus of the 
University of Wiseonsin, recently celebrated his sev- 
ntieth year of continuous service. On 5 January 
5 Dr. Birge eame to the University of Wisconsin, 
at the age of 24, as an instructor in natural history. 
Now 94 years of age, Dr. Birge is considered “the 


Q 
18 
4 


grand old man” of Wiseconsin’s and America’s sci- 
entists-scholars-edueators. Still in good health, he 
spends part of each day, even though he technically 
retired 21 years ago, at work in his office in the biol- 
gy building on the Wisconsin campus. He learned 
(0 operate a typewriter as he approached his ninetieth 
birthday and still does much of his own typing. At 
present he is working on a volume on the physical, 
chemical, and biologieal conditions of Wiseonsin’s lake 
waters, a field in which he has specialized sinee retir- 
ing as president of the University in 1925. 


Dr, Sidney M. Newhall, formerly technical director 
ot the Fire-Control Research Laboratory at the Fox- 
boro Company, is now in charge of psychological re- 
search in the Color Control Department of the East- 
ian Kodak Company. 

Dean A, M. Schwitalla, 8.J., of St. Louis Medical 
School, will be the speaker at the Graduation Exercises 
ot the University of Texas Medical Branch, Galveston, 
on Saturday, 2 March. 

Tan Campbell has returned to his position as asso- 
te professor of petrology and associate chairman of 
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the Division of the Geological Sciences at the Cali- 
fornia Institute of Technology in Pasadena. During 
his leave of absence from the California Institute, Dr. 
Campbell served as a senior training engineer and as 
chief of the editorial section for the University of 
California, Division of War Research, at the U. 8. 
Navy Radio and Sound Laboratory in San Diego. 


Morris A. Stoltz, formerly chief chemist of the 
Anglo-French Laboratories, consultant to E. Fougera 
and Company, and chemist of the Loeser Laboratory, 
is now chief chemist in charge of ampule production 
at the Leader Laboratory, Brooklyn, New York. 


Lt. Col. Harry E. Carnes, M.C., has returned from 
the armed forces and is now in the Division of Bio- 
logical Production at Parke, Davis and Company, 
Detroit, Michigan. 


Lt. Robert L. Burwell, Jr., has returned to North- 
western University as assistant professor of chemistry 
after three years of active duty in the Navy. During 
most of this period he was attached to the Chemistry 
Division of the Naval Research Laboratory, Wash- 
ington, D. C. 


Charles V. Crittenden, formerly with the U. S. Office 
of Strategic Services, has been appointed assistant 
professor of geography at Ohio State University. 
Prof. Crittenden was attached to the map intelligence 
office of OSS for three and a half years, with about 
18 months service in Switzerland and Italy in the 
procurement of special maps. 


Marcel Raymond, botanist, assistant secretary of 
the Association Canadienne Francaise pour |’Avance- 
ment des Sciences, has arrived in Montreal from Paris, 
where he was delegated to assist at the first congress 
of the French Association for the Advancement of 
Science held since the beginning of the war, in Octo- 


ber last. 


Dr. Valy Menkin, Department of Pathology, Duke 
University School of Medicine, addressed the Balti- 
more Medical Society on 1 February 1946 on “Chem- 
ical Factors and Their Role in Inflammation.” 


Dr. Irwin M. Korr has been appointed professor of 
physiology at the Kirksville College of Osteopathy 
and Surgery. 


Dr. Lawrence C. Curtis, geneticist on the staff of 
the Connecticut Agricultural Experiment Station at 
New Haven since 1930, has joined the faculty of the 
University of Connecticut, Storrs, to do research and 
teaching as associate professor of horticulture. 


William R. Bascom is now an assistant professor 
in the Department of Anthropology at Northwestern 
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University. He has just returned from three years 
with the Foreign Economie Administration as special 
representative to British West Africa, with head- 
quarters in Accra. 


Dr. Robert M. Moore, professor of surgery, has 
recently returned to the Medical Branch of the Uni- 
versity of Texas after services in the European 
theater. 


Dr. M. F. Guyer, emeritus professor of zoology at 
the University of Wisconsin, has been made a lee- 
turer in genetics at the University of Texas Medical 
Branch, Galveston. 


The New Year Honors List, published in The Times, 
London, 1 January 1946, reveals that Prof. A. V. 
Hill, SeD., F.R.S., a secretary of the Royal 
Society, was appointed a companion of honor. Other 
orders were conferred on Mr, W. A. Akers, director 
of atomic bomb research, Department of Scientific and 
Industrial Research (knight bachelor); Sir Edward 
Victor Appleton, F.R.S., secretary, Department of 
Scientific and Industrial Research (G.B.E.); Clive 
Forster-Cooper, F.R.S., director, British Museum 
of Natural History, (knight bachelor) ; Harold Arthur 
Thomas Fairbank, consultant adviser in orthopedic 
surgery, Ministry of Health (knight bachelor); Paul 
Gordon Fildes, F.R.S., director of chemical bacteriol- 
ogy, Medical Research Council (knight bachelor) ; 
Archibald Montague Henry Gray, dermatologist, Uni- 
versity College Hospital (knight bachelor); Prof. 
Ian Morris Heilbron, F.R.S., lately scientifie adviser, 
Ministry of Production (knight bachelor); R. V. 
Jones, assistant director of intelligence (Science), Air 
Ministry (C.B.); A. K. Macbeth, Angus Professor of 
chemistry, University of Adelaide (C.M.G.); Frank 
Charles Mears, president, Royal Scottish Academy 
(knight bachelor); Edward James Salisbury, D.Sc., 
F.R.S,, director, Royal Botanie Gardens, Kew (knight 
bachelor); Herbert Ray Stewart, vice-chairman, Im- 
perial Council of Agricultural Research (knight 
bachelor); S. Zuckerman, scientific director, R.A.F. 
Bombing Analysis Unit (C.B.). 


Announcements 


A new interdepartmental acoustics laboratory has 
been established at Massachusetts Institute of Tech- 
nology. The new laboratory is to be operated under 
the joint direction of the Institute’s Departments of 
Physies and Electrical Engineering and the School of 
Architecture and Planning. It will collaborate with 
all departments interested in acoustic problems. Dr. 
Richard H. Bolt, assistant professor of physics, has 
been appointed director. He will work with a super- 
visory committee consisting of Profs. Philip M. Morse, 
Department of Physics, chairman of the committee; 
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Richard D. Fay, Department of Electrica] Engine, 
ing; Julius A. Stratton, director of the Resear 
Laboratory of Electronics; and Lawrence B. Ander 
son, School of Architecture and Planning, 


mie of the 
ihe histor ) 
the atom 
Death): 7 



















A five-year program of research has been |aig oy meording © 
for the acoustics laboratory. One of the mos inloey 2 
portant divisions of this program will deal with arch fammervar Chi 
tectural acoustics, and the problems to be stugj,Jilmouary 194 
include the physical properties of acoustic materi: Jilmyk led tO. 


and structures, as well as functional acoustic desig, 
Special provisions will be made for such investigatioy 
by means of experimental full-scale rooms, Studies o§ 
special interest include sound absorption, distributio, 
and transmission in various types of structures, | 


nected {ro! 
the atom 
ted exper’ 
ergy al th 
trolled 
od widel; 


A Laboratory of Nuclear Studies will be establish sions. ‘I 
at Cornell University for research in high-energy-py. JM; the gr 
ticles phenomena, including cosmic rays. The labor. hithert 
tory is to be directed by Dr. Robert F. Bacher, wh) oupled \ 
recently completed his work as head of the Boni. Lect in 
Physics Division at Los Alamos, New Mexico. rtance 0! 

In making the announcement, President Day stated filM@.: found 
that the work of the laboratory would be coordinated {ionic bow 


with research in several divisions of the university, Mave,” ha 


including chemistry, biological sciences, and engineer. Haves wer 
ing, in addition to the Department of Physies. Ap. are ato! 
cording to Dr. R. C. Gibbs, chairman of the latter | 
department, the new laboratory will become a par Mm 4 — 
of a program of research in his department in which Myme""'??" 
every member of the staff may participate. : —— 
Hs acti 
Graduate appointments under the plan for coordi- Him of s 
nation in the teaching of the sciences at Bryn Maw: @§quipmen 
College will be made this spring. Three scholarships the De 
of $600 each are offered to qualified students who have HiMpota, is u 
had undergraduate training in two or more of the MPhere he 
natural sciences and who wish to continue study in Hphysics \ 
one of the following fields: biochemistry, biophysics, Mo the fe 
crystallography, geochemistry, geophysics, or similar HiMnvestige 
interrelated scientific fields. cluded 
Three fellowships of the value of $1,000 each are Hielectron 
offered to candidates in the same fields who, in addi- Hipranche 
tion to undergraduate training, have had at least 3 
; ‘ . . p A la 
year of graduate work in science. Special projects 10 pete 














1946-1947 will include the study of 9xidation-redue- 


tion potentials in microorganisms, phase rule studies mei 
of geologically important systems, and the investig: 7 
tion of molecular structure of organie eompounds by ye 
X-ray methods. Bn 13 

The Committee will be glad to consider outlines 0 Deu 
problems from applicants for these scholarships BX ler 
fellowships. For application blanks, address (fice La 
of the Dean of the Graduate School, Bryn Mawr (ol: No. 1 


lege, Bryn Mawr, Pennsylvania. No applications wi! 


Harve 
be received after 15 March. 
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ne of the most important records of earth motion 
the history of seismology was obtained at the test 
she atomic bomb in Jornada del Muerto (Journey 
Death), New Mexico, on Monday, 16 July 1945, 
wing to Dr. L, Don Leet, associate professor of 
nlogy at Harvard University, who spoke at the 
card Club of Boston, Wednesday evening, 16 
puary 1946. As far back as 1904, experimental 
led to computations of the wave patterns to be 
sted from a sharp, vertical impact, on the ground. 
ihe atomie bomb test, these conditions were dupli- 
°s offmnied experimentally for the first time with enough 
tion llmmberzy at the source to permit a thorough study under 

ntrolled conditions. The resultant observations dif- 

rod widely and significantly from theoretical pre- 


shed tious. The most important feature was the fact 
ar-MBt the greatest part of the energy was carried by 
ta- ME) hitherto unknown wave types. One of these, the 


vh oupled Wave,” was first observed and reported by 
ub my, Leet in 1939. Further work on the uses and im- 
tance of this wave was delayed by the war until it 
ted Mas found to be one of the dominant forms on the 
‘ed Mtomie bomb record. The other, the “Hydrodynamic 
\Y, Mwave,” had never before been reported. These two 
1 Haves were held to be as fundamental to seismology 
are atomie structures to nuclear physics. 
ey 
4 wide program of research embracing the new 
hemicophysical techniques has been announced by 
yy. Edward R. Weidlein, direetor, Mellon Institute. 
his action is in aceordance with the organization’s 
m of strengthening continually its investigational 
jupment and facilities. Dr. H. R. Klug, formerly 
| Mi the Department of Chemistry, University of Minne- 
ta, is in charge of this new activity of the Institute. 
here has been projected a department in chemical 
biysies which will devote about half its time to service 
0 the fellowships and the remainder to fundamental 


nvestigations of its 












own choice. The techniques 
ncluded are X-ray diffraction, electron diffraction, 
Hectron microscopy, chemical microscopy, and the 


branches of spectroscopy. 


A late-model Zeiss compound binocular research 
; iicroscope was stolen from the Massachusetts General 
Hospital in Boston on 14 January 1946. The instru- 
ment has a slanting body, square stage, quadruple 
hosepiece, and was equipped with paired eyepieces 
nd our objectives when stolen. The stand is No. 
271,139; stage, No. 52,238; bitukni, No. 12,135; the 
Spencer 1b lens, No. 215,790 (brass) ; low-power Zeiss 
8 X lens, No. 138,390 (chrome) ; high-power Zeiss 40 X 
lens, No. 153,567 (chrome) ; oil immersion lens, 90 X, 
No, 17,959 (brass). The owner, Dr. Richard Bennet 
Harvey, Massachusetts General Hospital, Boston, re- 
Ports that the ease was not taken. 
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The discovery of carbon 14 was announced early in 
January by Dr. J. Robert Oppenheimer, University of 
California, according to the San Francisco Chronicle. 
In explaining the difference between carbon 13 (Sci- 
ence, 1946, 103, 82) and carbon 14, Dr. Oppenheimer 
explained that carbon 13 is a natural carbon isotope. 
About 1/70 of ordinary carbon is carbon 13. Carbon 
14, on the other hand, is not a natural carbon, is radio- 
active, and is produced in conjunction with the cyclo- 
tron. The scientific use of the two carbons, Dr. Op- 
penheimer said, is approximately the same in prin- 
ciple, however. Carbon 14 was produced at the Uni- 
versity by Dr. H. A. Barker, Dr. Martin D. Kamen, 
and Victoria Haas, a graduate student. 

Carbon 14 was produced in a minute quantity by 
placing 1,000 pounds of ammonium nitrate near the 
60-inch Berkeley cyclotron for 18 months. Since car- 
bon 14 is radioactive, its use in biochemical tracer 
studies is expected. 

Dr. Barker and his associates have been able to 
infuse carbon 14 into organie processes and point out 
that biochemical traeer studies with a radioactive iso- 
tope can be made easier than the more complicated 
mass speetrographie methods required in the case of 
earbon 13. 


The Federation of American Scientists, 1621 K 
Street, N.W., Washington, D. C., has announced “com- 
plete agreement with the principles proclaimed in the 
President’s letter and embodied in the MeMahon Bill: 
(1) Full contro] over atomie energy developments in 
this country must be retained by the Federal Gov- 
ernment in the interest of the nation as a whole. (2) 
This control must be exercised through a civilian gov- 
ernment agency fully responsible to the President and 
Congress. (3) The development of science in this 
country must not be hamstrung by short-sighted and 
unrealistic policy based on the belief that military 
security can be achieved by imposition of secrecy in 
scientific research. (4) Most important of all, na- 
tional legislation must not obstruct but smooth the 
path for the future creation of international control 
and inspection of atomic weapons—the only real 
chance of security in the age of atomic energy.” 

The announcement continues: “The MeMahon Bill 
deserves the full support of all enlightened citizens. 
The control and development of atomie energy for 
the benefit of this nation and all mankind should not 
be permitted to become a partisan issue. If a civilian 
atomie energy authority is not established in the near 
future and the free flow of ideas and information 
between scientists in this country is not restored, the 
development of atomic science in America will suffer 
a grievous interruption, and chances for the elimina- 
tion of the terrible danger of atomic warfare by an 
international settlement will be gravely endangered.” 
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The statement was signed by: W. A. Higinbotham, 
president, and Melba Phillips, J. H. Rush, J. A. Simp- 
son, Jr., L. N. Ridenour, and L. E. Schiff. 


The American Academy of Arts and Sciences, at its 
January meeting, adopted a resolution endorsing 
United Nations Educational, Scientific and Cultural 
Organization (UNESCO) as a step toward “the peace 
of the world.” Copies of the resolution were sent to 
the President, the Secretary of State, members of the 
American delegation to the UNESCO conference, and 
to learned bodies all over the world. The resolution 
follows: 

Believing that the peace of the world and the advance- 
ment of the arts, the sciences, and education in all coun- 
tries can be effectively furthered by an active support 
of the United Nations Educational, Scientific and Cul- 
tural Organization, the Council of the American Acad- 
emy of Arts and Sciences congratulates the Senate and 
House of Representatives of the Congress of the United 
States upon the several resolutions adopted by them 
favoring support of this organization, and urges upon 
the Congress the desirability of ratifying the charter 
of the organization on the basis of the signature of our 
representatives at the London Conference last November. 

In order that the widest support may be given to the 
United Nations Educational, Scientific and Cultural Or- 
ganization, the Council desires that copies of this reso- 
lution shall be sent to all the learned and scientific 
bodies throughout the world with which it has com- 
munication, to the publie press, to the President of the 
United States, the Secretary of State, the Speaker of 
the House, the President of the Senate, and to the 
Assistant Secretaries of State. 


The U. S. Naval Academy is to hold examinations 
for positions in the Civilian Faculty on 19 and 20 
April. The following positions are open: mechani- 
cal engineering, 2 assistant professors, 3 associate 
professors; physics, 2 instructors; electrical engi- 
neering, 1 instructor (power), 2 instructors (radio 
and electronic); mathematics, 13 instructors. Start- 
ing salary for instructors is $3,640, fer assistant pro- 
fessors $3,860, and for associate professors $4,300. 
Application forms and notice of requirements may be 
obtained from the Superintendent, U. S. Naval Acad- 
emy, Annapolis, Maryland. Application must be 
submitted prior to 15 March 1946. 


Under a new plan the Navy will finance special 
research programs in universities. Essentially, the 
work will be done under a contract with the institu- 
tion, and the colleges will be permitted to publish the 
results of the work providing no reference is made to 
possible or probable military application. Rear Ad- 
miral H. G. Bowen, chief of the Office of Research 
and Inventions, reported that the following institu- 
tions either already have completed contracts or are 
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in the process of doing so: California Tnstityi, mations Org 
Technology, Carnegie Institute of Technology, (,jiilmanulated 
bia, Cornell, Brooklyn Polytechnie Institute, Harys urge its 


Princeton, Johns Hopkins, Massachusetts Instityeiamitable, its 
Technology, University of Michigan, University 
Pennsylvania, University of Texas, Syracuse, § 
ford, University of California, University of (j,, 
University of Illinois, Indiana University, Purg 


Pittsburgh, Southern California, Tufts, and Y,, 
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Ohio State University has established a grady 
center for instruction and research at the Air Tes 
nical Service Command, Wright Field, Dayton, whe 
graduate-level courses are being offered unidoy 
auspices of the Graduate School. The plan noy; 
volves more than 100 graduate students who are, 
rolled in the current winter quarter in mathemati 
electrical engineering, and physies elasses. Fy 
development of the graduate center to include ¢lag 
in aeronautical, communication, and power engine 
ing, electronics, chemistry, management, and rela 
technical subjects is planned, according to Dr. Alpha 
W. Smith, dean of the Graduate School. “The i 
gration of research and graduate teaching at the w 
versity with that of the Air Technical Service Co 
mand is of importance both to the University and tf 
Air Technical Service Command. Such cooperati 
between the ATSC and campus scientists brings to th 
University a unique opportunity to be of service to th 
nation,” Dean Smith said. 
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Over one hundred scientists affiliated with Jol 
Hopkins University, Johns Hopkins University Medi 
eal School, Johns Hopkins University School of i 
giene and Public Health, Carnezie Institute, Goud 
College, University of Maryland Medieal School, aul 
the Maryland State Health Department have al 
dressed a letter to President Truman, Senator Tyding 
and others, endorsing the joint statement of hh 
Truman, Mr. Atlee, and Mr. King, “that a spel 
commission of the United Nations Organization | 
created to set up enforceable safeguards against the 
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use of atomic energy for destructive purposes, alo, Jes 
that specialized information regarding the practitll hich : 
application of atomie energy be made freely availabeieonts a 
as soon as these safeguards are established.” “Noy 
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The letter continues: “It is our convietion that tl 
problems created by the atomie bomb urgently demut! 
the promptest attention, and that it is the most soleml 
duty of every member of the Congress to insist tld! 
these problems be solved without undue delay. 1 
this end, we hope that the governments of [el 
Britain, the Soviet Union, and the United States wi 
be able to establish a temporary working agreellit! 
regarding the international control of atomic ener%i 
as a basis for action on the matter by the Unite! 
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; Organization. Should such an agreement be 


titute ation. " 
, Cohlmnulated DY the representatives of these powers, 
Larval urge Its careful serutiny by the Congress, and if 


tituiellmmitable, its prompt ratification.” 


rity 


Dr, Lise Meitner will delwer a course of lectures 
a, @ i 
» DU 


: | muclear physies at The Catholic University of 
hig erica during the second semester, 1945-46. The 
Pur tures have been scheduled on '‘l'uesdays and Thurs- 
Yale ys, 5:10-6. A seminar on nuclear physics will 
held on Fridays, 12-1. Scientists not wishing aca- 


i 
aya 


: Temic credit may attend as‘guests of the University 

, Whelthout formalities. 

, In forty years, The New York Times points out edi- 

OW igi : 
mially, “more than 20,000 voluntary health agencies 

Te ‘ 


pve sprung up to deal with virtually every disease 
nd health problem. It is a eredit to philanthropy 
at it contributes annually not less than $100,000,000 
these agencies. - There is no question that the work 
ne is important and indispensable. But the Gunn- 
Natt report, which was made possible by a grant from 
be Rockefeller Foundation, raises questions. Would 
ne large, well-supported organization be better than 
Are these 















udreds of local voluntary organizations? 
Are philan- 
hropists getting their money’s worth? The Gunn- 
Patt study of 569 voluntary and 143 official agencies 
veals much that is good and much that ealls for 


bany organizations efficiently directed? 



























elorm. 

“There seems to be overspecialization in such fields 
s child welfare, tubereulosis, mental hygiene, infan- 
ile paralysis, to mention but a few. Too often four 
br five independent societies appeal for individual sup- 
port instead of pooling their resources. There is a 
eluctance to keep pace with social change, a tendency 
0 regard work in a special field as a vested interest, 
lack of relationship between the size and importance 
ta health task and the money and services available 
for its performance. One energetic organization, for 
‘Xample, has in eight years raised $16,500,000 to cope 
vith a disease which even in epidemie years accounts 
ior less than 2,000 deaths. But heart diseases, to 
vhich 3,700,000 suecumb annually, receives only three 
cents a ease, 

“Now that we have the Gunn-Platt report, the work 
ol coordination must begin. To this end the Rocke- 
feller Foundation has made a grant of $78,500, which 
will enable the National Health Council, a clearing 
phouse, to assume dynamic leadership in a movement 
which is hound to have its effeet in improving the 
phealth of the country. There are to be joint planning, 
Jont activities and joint services for national agen- 
“es, a strengthening of established health councils 
p’nd an active field service to give practical counsel. 
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The work to be undertaken by the National Health 
Council deserves support.” 


Wayne University College of Medicine invites ap- 
plications for the Alexander Blain Hospital Fellow- 
ship in Anatomy for the year 1 July 1946 to 30 June 
1947. This recently established fellowship is for re- 
search workers possessing either the Ph.D. or M.D. 
degrees and who are desirous of further experience 
in the broad fields of anatomy. Work is encouraged 
in gross anatomy, comparative anatomy, embryology, 
neuroanatomy, histology, and cytochemistry. The 
fellowship earries an annual stipend of $3,500, and the 
holder is assured of technical aid and funds for spe- 
cial equipment and supplies. Applications for the 
fellowship should be addressed to: Dean of the Col- 
lege of Medicine, Wayne University, 1512 St. Antoine 
Street, Detroit 26, Michigan. 


The Marcelle Fleischmann Foundation has made a 
grant of $20,000 a year for a 10-year period to the 
Department of Public Health and Preventive Medi- 
eine of Cornell University Medical College for the 
study of tropical disease. The specified purpose of 
the gift is to promote the study of immunologie and 
allergic manifestations of exotic disease, and to pro- 
vide for a better understanding of their prevention 
and treatment in relation to other allergic diseases. 
The investigations at Cornell will be under the direc- 
tion of Dr. Morton C. Kahn. 


Kirksville College of Osteopathy and Surgery has 
announced a research grant of $5,000 by the American 
Osteopathic Association. 


The National Registry of Rare Chemicals, Armour 
Research Foundation, 35 West 33rd Street, Chicago 
16, Illinois, lists their need for the following chem- 
icals: aerylic anhydride; acrylyl chloride; sodium 
phosphide; meta calcium phosphate, vitreous (25 
lbs.) ; a-meta calcium phosphate (25 lbs.) ; cytochrome 
C; d- and l-gulose; d- and 1]-idose; |-ribose; l-lyxose; 
erbium (1 lb. or more); nitrogen trifluoride; sulfur 
hexafluoride; boron phosphate; pyocyanin, benzan- 
throne; hirudin; strychnidine; eleosteariec acid; and 
pantoyl taurine. Please communicate regarding these 
directly with the Registry at the address given above. 


Meetings 

The 1946 spring meeting of the Crystallographic 
Society will be held at Smith College, Northampton, 
Massachusetts, on Thursday, Friday, and Saturday, 
21-23 March. The sessions will be in Lilly Hall, 
Department of Physies. Those desiring accommoda- 
tions on the Campus should write to the chairman of 
the local committee, Dr. Dorothy Wrinch, 81 Wood- 
side, Amherst, Massachusetts. Additional aecommo- 
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dations are available at Northampton Hotel, North- 
ampton. Further literature on arrangements may be 
had by writing to the Secretary of the Society, Dr. 
William Parrish, Box 39, Irvington, New York. The 
program follows: 

Thursday, 3:00 P. M.—“Crystallography, a Com- 
mon Ground in Many Sciences”: I. Fankuchen, 


Brooklyn Polytechnic Institute; “The Lattice in Crys-- 


tallography”: J. D. H. Donnay, Johns Hopkins 
University; Late contributions; Tea, Department of 
Physics, Smith College. Thursday, 7:30 P. M.— 
“The Modifications of Silicon Carbide”: N. W. Thi- 
bault, Norton Company; “Plastic Deformation and 
Recrystallization of Nonmetal Crystals”: Edward 
Washken, Massachusetts Institute of Technology; 
Informal Hour, home of Prof, Benjamin M. Shaub, 
Department of Geology, Smith College. Friday, 9:30 
A. M—‘“Crystallographie Principles and Biological 
Problems”: Dorothy Wrinch, Smith College; “Types 
of Order in Protein Fibrils”: R. S. Bear, Massachu- 
setts Institute of Technology; Late contributions. 
Friday, 2:30 P. M.—Business Meeting Crystallo- 
graphic Society; Tea, Department of Physics, Smith 
College. Friday, 7:30 P. M.—“Optical Activity in 
Crystals; Crystallography of ]-Cystine”: C. D. West, 
Polaroid Corporation; “Experimental Study of the 
Change in Habit of Sodium Nitrate Crystals Grown 
From Water Solution”: Howard T. Evans, Jr., Mas- 
sachusetts Institute of Technology; “Variations in 
Crystal Habit of Pyrite in the Collins Hill Pegmatite 
Near Middletown, Connecticut”: Benjamin M. Shaub, 
Smith College; “Twinning in Leadhillite”: Samuel G. 
Gordon, The Academy of Natural Sciences of Phila- 
delphia; Informal Hour, home of Prof. Gladys 
Anslow, chairman of the Department of Physics, 
Smith College. Saturday, 9:30 A. M—“The Use 
of Sand in Making Fourier Projections of Crystal 
Structures”: Dan McLachlan, Jr., and E. F. Cham- 
paygne, American Cyanamid Company; “Graphical 
Summation of Fourier Series in Crystal Structure 
Analysis”: Joseph Lukesh, Massachusetts Institute 
of Technology; “Crystal Pattern Synthesis by an 
Approximate Summation of Fourier Series”: Joseph 
Lukesh, Massachusetts Institute of Technology; Late 
contributions. 


The Sixth Conference of the Institute of Food Tech- 
nologists will be held on 18, 19, and 20 March at the 
Statler Hotel, Buffalo, New York. A total of 37 
papers on the broad scope of food technology have 
been scheduled for the six technical sessions. In addi- 
tion, an afternoon session consisting of eight papers 
is planned for those primarily interested in milk 


processing problems. Another afternoon session with 
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a program of six papers is being devoted ty fre 
foods. » 


Elections 





The New Hampshire Academy of Science held ; 
twenty-fifth annual meeting at Hanover on 23 and § 
November 1945. The following officers were elect 
for 1945-1946: William W. Bowen, Dartmouth Cy 
lege, president; Donald Chapman, University of y, 
Hampshire, vice-president; A. R. Hodgdon, Unie 
sity of New Hampshire, secretary-treasurer; anj Re 
P. Forster, Dartmouth College, member of the Coy, 
for four years. 


The District of Columbia Chapter of the Soci 
of Sigma Xi inducted three new members at the a 
nual meeting held in the Cosmos Club on 29 Januay 
Those honored and the subjects of their address 
were: Dr. Myron §. Anderson, senior chemist, U), g 
Department of Agriculture, Beltsville, Maryland 
“Nineteen Centuries of Soil Fertility”; Capt. Erne 
W. Brown, USN (MC), Navy Department—“The sy} 
marine: Certain Problems of Atmosphere”; Dr. Joly 
B. Reeside, Jr., chief, Paleontology and Stratigraphy 
U. S. Geological Survey—‘Why Study Fossils?” 








The Shell Development Research Club, Emeryville 
California, affiliated with the Society of the Sigm 
Xi, has announced its Council officers for 1946. These 
include: Harold T. Byck, chairman; William £ 
Vaughan, past chairman; Fred H. Stross, chairman. 
elect; Kenneth E. Marple, secretary; and Daniel 8 
Luten, treasurer. 


BA 


Recent Deaths 


Dr. Otto Neurath, 63, died in Oxford, England, o 
22 December. Dr. Neurath was the inventor of is- 
types, the small symbols used to make statistical pres 
entations less abstract. In the United States thes 
symbols are more generally known a “pictographs’ 


Dr. Edward W. Koch, 64, dean of the University 0! 
Buffalo Medical School, died on 9 February. 


Dr. Walter P. White, 78, retired Carnegie Institue 
physicist, died on 7 February. 


Prof. Joseph M. Scott, 56, for 25 years professor 0! 
biology at Mount Union College, Alliance, Ohio, died 
on 1 February. 


Dr. C. V. Taylor, 61, dean of the School of Biolog 
ical Sciences at Stanford University, died in Palo 
Alto, California, on 22 February. 
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BAUSCH & LOMB 
STEREO-POLARIZER EQUIPMENT 


The new Bausch & Lomb Stereo Polarizer makes possible a stereo- 
scopic view of the object under examination with a standard mon- 
- objective binocular microscope. The Stereo Polarizer equipment 
consists of a substage polarizer and two eyepiece analyzers. The 
substage unit consists of a Polaroid disc cut in two with the polar- 
: ization planes oriented at right angles to each other. The analyzers, 
: fitted over each eyepiece, are oriented to correspond in vibration 
direction to either half of the condenser disc. As a result, the speci- 
men is viewed by each eye from a different point of view .. . in three 
dimensional relief. In photomicrography it permits visual, stereo- 
scopic examination of subject prior to making exposure. For com- 
plete information write Bausch & Lomb Optical Company, 642 
St. Paul Street, Rochester 2, New York. 
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Letters to 


the Editor 








Nuclear Energy and the 
Polar Icecap 

Probably no scientific development has ever aroused as 
much discussion as that of atomic energy, or nuclear 
energy, which is a more descriptive title. This is prop- 
erly so. It is inevitable that informed discussion should 
be accompanied by preposterous ideas, such as automo- 
biles running on engines the size of one’s fist supplied 

_ with nuclear power. 

The statements that have been made recently by prom- 
inent people that with the advent of nuclear energy we 
are now in a position to melt the polar icecaps have evi- 
dently been put forth seriously, and have even caused 
concern in some quarters because of the threat of a gen- 
eral raising of the level of the oceans, the effect on 
weather conditions, ete. 

On the bare possibility that some readers of Science 
have not bothered to go through the simple calculation 
that shows the absurdity of this proposal at the present 
stage of developments, it is presented herewith. 

The icecap has been estimated to cover 5,000,000 square 
miles and to average 1,800 feet in thickness. To melt 
it from a temperature of — 40° F. would require 2.5 x 10” 
B.T.U, of heat, which is equivalent to 3x10” joules or 
2x10 electron volts of energy. This energy could be 
supplied as nuclear energy in two ways: by dropping 
bombs or by setting up so-called piles such as are used 
in the production of plutonium. 

Each atom of U-235 releases about 2x10* electron 
volts of energy. Operating at 100 per cent efficiency it 
would, therefore, require 10° atoms or something over 
four billion tons of U-235 to do the job. At present 
costs of something over $10,000 per pound no comment 
is needed regarding the feasibility of this approach. The 
idea of using uranium piles is no more feasible. Surely 
a pile that dissipates 1,000,000 kilowatts would be con- 
sidered a large one. The power output would be about 
equivalent to that of the Grand Coulee dam. With 10,- 
000 such piles one could melt the iceeap in about 1,000,- 
000 years. 

The foregoing remarks are not intended to detract in 
the slightest from the enormous possibilities that have 
been opened up by the introduction of nuclear energy. 
Those possibilities are surely great enough to tax the 
imagination of anyone to the limit and offer enough per- 
plexing problems without introducing such ridiculous 
propositions as the one dealt with here. 

RAYMOND T. ELLICKSON 
Polytechnic Institute of Brooklyn 


Transmission of Papaya Bunchy 
Top by a Leaf Hopper of the 
Genus Empoasca 
A serious disease of papaya (Carica papaya L.), widely 
known under the name of ‘‘bunchy top,’’ has been re- 


ported from different regions of the world Where ¢, 
plant grows. The disease is characterized during ¥ 
initial stages by a faint mottling and chlorosis of i 
upper leaves, followed by a marked reduction ang yelloy 
ing of the leaf lamina and a decided Shortening ¢ 
petioles and internodes, ending finally in a comple 
cessation of apical growth and bunchiness of the 4, 
which gives the disease its peculiar name. Another ey 
spicuous symptom of the disease is the presence , 
hydrotic-like streaks, sometimes called ‘‘oil spots,’’ along 
the stem and petioles. 

Although long suspected to be a virus disease, nobody 
as far as we know, has been able to transmit it eithes 
mechanically, by grafting, or through the aid of ingog 
vectors. In 1937 J. H. Jensen (Rep. Agric. Exp, St 
Puerto Rico, 1938, p. 125), working at the Federal Sta. 
tion at Mayaguez, Puerto Rico, found a leaf hopper, latey 
described by Oman as Empoasca papayae, associated 
with papaya trees affected with bunchy top. His a. 
tempts to transmit the disease with this leaf hopper were 
inconclusive, however, as he had the misfortune of losing 
his experimental plants accidentally shortly before lear. 
ing the Station. 

We have recently obtained evidence of the successful 
transmission of bunchy top with a leaf hopper of the 
genus Empoasca which, based on an examination of the 
male genitalia, we presume to be identical with the ou 
used by Jensen. Seventy-one out of 90 healthy trees 
exposed to leaf hoppers collected on diseased plants 
began to show symptoms of bunchy top in about a mouth 
and a half. Most of the experiments were performed 
insect-proof cages, but in some cases the insects wer 
released inside cellophane casings inserted on the uppe 
stem of the test plant after trimming the leaves. 
exposed controls (5 for every 10 plants exposed) re 
mained healthy. 


y 


José ADSUAR 
Agricultural Experiment Station, Rio Piedras, P. hk. 


Geopathology, a Branch of 
Biometeorology 


In his recent article on ‘‘Tropical diseases and ge 
pathology’’ (Science, 1945, 102, 656) Dieuaide stresses 
the fundamental importance of studying ‘‘the pect 
arities of disease in relation to topography, elimate aud 
the distribution of pathogenic and disease-transmittilg 
organisms,’’ suggesting that ‘‘geopathology’’ be used to 
designate such a field of investigation. With this poi! 
I agree, but the author is in error when he states tha! 
(1) geopathology is in its infancy, (2) there are no geo 
pathologie treatises even moderately comprehensive, 2! 
(3) our knowledge is fragmentary. 
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ough the fact is not widely known, geopathology 
auch of an already established science called bio- 
sg r0logy: Hippocrates knew of these problems when 
- his Airs, waters and places, and Hirsch’s and 
bake’S treatises on geopathology, published in the 
«ie are classics of medical literature. For many 


Altl 
ba br 


g50’s, 


however, interest in these problems has been lack- 
long with the recent growth of interest in the 


ears, 
ng, put a ‘ 
blem of constitution, investigations of the influence 
prov . . . 
ironment on man have appeared in mereasing 


in particular, workers both in this country 


f the env 
gmbers. 
ni in Europe have been studying the influences of 
wather, climate, and altitude on plants and animals. 
is study has been designated biometeorology, and in 
939 a section devoted to the literature of this field was 
wuded in Biological Abstracts under the section on 
Some of the divisions of biometeorology are 
meteoropathology, 


CO10gY« 
diel climatology, geopathology, 
ij climatotherapy. At the present time the Committee 
Climatology of the American Geophysical Union is 
ttempting a of the branches of  bio- 
meteorology so that the existing and forthcoming litera- 
we will be readily available to the interested workers. 


classification 


Although our knowledge is incomplete, it is certainly 
nt fragmentary; for there is already available a vast 
fiterature on biometeorology. In recent years a number 


¢ excellent monographs have appeared, summarizing 


wme of that knowledge. W. F. Petersen’s The patient 
pid the weather (4 vols., 1934-1938) and M. Piery’s 


" 


raité de climatologie : 
$04) art 


TUNATISS 


biologique et médicale (3 vols., 
B. de Rudder’s 
(1938) 
utlines many of the fundamental principles of the 
©, A. Mills’ Medical climatology (1939) is an 


among the most extensive. 
einer Meteorobiologie des Menschen 










cence, 
walysis of the seasonal and geographical variation of 
disease. A, G. Priee has admirably analyzed the prob- 
lem of the White settlers in the tropics (1939), and D. H. 
K. Lee (Univ. Queensland Pap., 1940, 1, 1-86) has sum- 
marized the literature on the physiology of acclimatiza- 
von. 

I do, however, agree with Dieuaide that there is a great 
ied for a systematic investigation of these problems, 
literature to serve to 
locus attention on the problems requiring further study, 


correlation of available 
aud for collaboration among the interested investigators 
80 that the research may be carefully planned and effi- 
dently exeeuted to reveal the facts and make the ac- 
{ured knowledge applicable. 

FREDERICK SARGENT, II, Student 
boston University School of Medicine 


Retention of High School Science 

When I read the recent comment of Charles A. Gramet 
Oheerning secondary school science courses (Science, 
1946, 103, 149), I felt that a reply was necessary. 

A few years ago I gave a college pretest in biology, 
at the time requesting that those who had studied the 
Subject in high school indicate that fact. The results 
‘stonished me. Of some 50 students who had studied 
secondary school biology, only 10 ranked higher than 
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THE 
Hormones 


In Human Reproduction 


by George W. Corner 


SCIENCE: ‘‘A masterpiece. Even those of us who 
are intimately engaged in various aspects of the 
field of internal secretions are carried away with 
enthusiasm over Dr. Corner’s skillful narrative of 
a detective story involving the innumerable facts 
accumulated during the past century by many in- 
quisitive scientists. . . . Laymen, physicists, chem- 
ists, biochemists, and biologists alike will find this 
book exceptionally interesting and valuable.’’ 


ENDOCRINOLOGY: ‘‘A skillful refutation of the 
current concept that scientific writing, to be accu- 
rate, must also be dull. . . . Will be read by the 
biologist as an absorbing document of contem- 
porary science.’’ 


JOURNAL OF THE A.M.A.: ‘‘One of the most 
delightful books that has come to the attention of 
the reviewer in many years.’’ 


CONTENTS 


The place of the higher animals, and of mankind 
in particular, in the general scheme of animal re- 
production. The human egg and the organs that 
make and care for it. The ovary as timepiece. 
The hormone of preparation and maturity. <A 
hormone for gestation. The cycle. 
Endocrine arithmetic. The hormones in preg- 


nancy. The male hormone. Chemical structure 


menstrual 


of the sex gland hormones. 
266 Pages, 56 illustrations, 
Revised Printing, 1944, $2.75 
At your bookstore 
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those who had none, and in no ease was the increase 
in percentage more than 5 points. 

Within the past 10 years I have taught in several high 
schools in widely separated places; I have also inspected 
numerous others. It has been my experience that the 
science teaching in most of these was very poor. Inade- 
quate equipment, inadequately trained teachers, and, 
especially, administrative interference with classroom 
work accounted for this. 

By interference is not meant meddlesome supervision, 
but the insistence that extracurricular nonsense be in- 
jected into study and class periods. In one school, for 
example, my chemistry class was interrupted daily by a 
loud-speaker broadcast of school gossip which (the school 
being small) was already familiar to the students, and 
this was by no means the only case. 

College teachers have constantly to erase misconcep- 
tions acquired in the lower schools: One certainly be- 
comes tired of hearing about ‘‘pure and impure blood,’’ 
‘nerves carrying messages,’’ that ‘‘spores are seeds,’’ 
and that ‘‘plants breath out oxygen.’’ And although 
biology seems to suffer especially, similar misconceptions 
are numerous with respect to the other sciences. 

One can agree most heartily with Mr. Gramet that we 
need to teach more science in the lower schools. But 
also needed are teachers meticulously careful not to 
instill wrong concepts. Poor results will continue as 
long as school boards insist that a music teacher give 
courses in biology and that the football coach teach 
physics. They will continue as long as textbooks, in 
order to simplify explanations, give wrong explanations, 
Especially will they continue as long as the ‘‘pep meet- 
ing’’ is so important that the entire business of the 
school is interrupted as a consequence, 

The wonder is that children in high school learn any- 


thing at all. Cyrit E. ABBorr 


Wesley Junior College, Dover, Delaware 
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Please write directly to the company indicated for any 
publication you wish mentioning the bulletin number 
and Science. Publications are gratis unless otherwise 
noted. 


Summer camps and biological stations directory. Now 
that summer field work is again a possibility, biolo- 
gists, botanists, geologists, and zoologists will want to 
secure a copy of the latest Turtox edition of Biological 
field work. This annual list of field stations and sum- 
mer workshops lists the latest available information 
about such institutions that plan to have sessions this 
coming summer. The information also covers the type 
of course work offered, the name and address of the 
director, and the dates and expense of attendance. A 
special section, ‘‘Afield With the Season,’’ gives many 
valuable instructions for the best dates and ways to 
undertake collecting. Biological field work, 1945-46 ed. 
SC-461. General Biological Supply House, Inc., 761 
East 69th Place, Chicago 37, Il. 
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Apparatus for thermal conductivity methoq , 
analysis. Charles Engelhard, Inc., has publisheg a lap 
size, 24-page bulletin describing the principles And oye 
tions of its equipment for gas analysis in Product 
processes. Engelhard equipment is designed to Use 
principle that gases have certain thermal Conductipit 
in relation to air which is taken as 1. These therm, on 
ductivities vary widely and consequently offer , reaj 
means of comparison between a standard gas and thy, 
to be analyzed. Equipment is available for the analy), 
of SO,, CO,, H, and highly corrosive gases such as WH 
SO,, H,S, and Cl,. Bulletin 800 SC-463. Charles Eng. 
hard, Inc., 233 New Jersey R. R. Avenue, Newark, NJ 


Industrial research. Research directors and heads of 
laboratories who have a difficult and infrequent probj, 
requiring specialized equipment and personnel yi , 
interested in a recent brochure of the Arthur D, Lit 
Company. A pioneer in the field of applied regeayg 
this company undertakes to do research on the fringg 
of a client’s established activities; in many instany 
new fields are opened up and large investments in equip 
ment and personnel are avoided. The brochure is jl\ys 
trated with pictures of typical research problems, Son/ 
information about Arthur D. Little, Inc. Brochure §p- 
463. Arthur D, Little, Inc., 30 Memorial Drive, (uy 
bridge, Mass. 


Supplies for mineralogy and geology. Ward’s Natu 
Science Establishment has issued a special catalogy 
covering its mineral rock and fossil collection materiak 
The catalogue is designed to assist both the instructe 
who is starting to build up a collection for classrom 
use and the advanced collector who is seeking speci 
items. The mineral and rock section includes section 
on introductory collections, collections illustrating & 
scriptive and determinative mineralogy, petrographic al 
petrologic collections, and collections for general geology, 
dynamic and structural geology, and physical geography, 
The section on fossils presents material on introductoy 
collections, study collections of fossil and recent plants N 
systematic collections, collections for use with Twenhold 
and Schrock’s paleontology, special stratigraphic coll 
tions, and general stratigraphic collections. Catalogw 
433 SC-463. Ward’s Natural Science Establishmet, 
Inc., P. O. Box 24, Beechwood Station, Rochester 9, N.! 


Biological leaflets. A new set of the Turtox serv 
leaflets, published by the General Biological Supp! 
House, has just reached this office. The series comprss 
approximately 50 informational pamphlets which hi 
been prepared primarily for the use of biology teach 
in secondary schools. The series is undergoing more" 
less constant revision and most of the pamphiets 
rewritten and brought up to date once each year. Sample 
titles of several leaflets are: ‘‘How to make an inst 
collection,’’ ‘‘ Practical microscopy,’’ and ‘‘The cultut 
of drosophila flies and their use in demonstrating Me 
del’s law of heredity.’’ Turtox service leaflets SC-468. 
General Biological Supply House, Ine., 761 East 
Place, Chicago 37, Ill. 
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